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PREFACE. 



The object of this aeries ia to bring into one fooua the 
leading features and present position of the most im- 
portant industries of tho kingdom, so as to enable the 
general reader to comprehend tho enormous develop- 
ment that has taken place within the last twenty or 
thirty years. It is evident that the great increase in 
edncation throughout the country has tended largely 
to foster a simultaneous interest in technical know- 
ledge, OS evinced by the spread of Art and Science, 
Schools, Trade Muaeiima, InteruBtional Exhibitions, 
&c. ; and this fact is borne ont by a perusal of the 
daily papers, in which the prominence given to every 
improvement in trade or machinery attests the desire 
of the reading public to know more about theeo 
matters, Ilere, however, the difficulty conunonccB, for 
the only meaittr d ncc^iiiriii^'thie jaff^ation are from 
handbooks to 'tlte Various' mancfttctHres {which are 
usually too mim|te;id;oetoil°foi" general iastruction), 
from trade journals' ,ano( the- ' reports of scientifio 
societies ; and ^ cbl&in'atrt^'BT^^atize these scattered 
details is a labour and a tax npou time and patienoe 



iv PREFACE, 

which comparaidyely few persons care to surmoiuit. 
In these volmnes all these facts are gathered together 
and presented in as readable a form as is compatible 
with accuracy and a freedom from superficiality ; and 
though they do not lay claim to being a technical 
guide to each industry, the names of the contributors 
are a sufficient guarantee that they are a reliable and 
standard work of reference. Qreat stress is laid on 
the progressive developments of the manufactures, and 
the various applications to them of the collateral arts 
and sciences ; the history of each is truly given, while 
present processes and recent inventions are succinctly 
described. 
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H08IEBY AND LACE. 

Bj tbe l;,te William FklKM (Nottingbain). 

MBS which are intended to show how by the 
ftivity of ingeaions laindB very important results in 
Art and Scionoe hnve boon obtoiaed in fnrtheronce 
of the happiness of mankind, are calculated to give a 
wholesome stimalaa to the prosecution of similar efibrts 
on the part of others who may peruse them. It may 
safely be said, that in no department of mechanical 
invention and construction has more persevering and 
eSective skill been displayed, than in that which forms 
the subject-matter of this and the following paper. 
The origin, progress, and present results of the stock' 
ing frame, are alike singularly interesting and im- 
portant. Devised by a clergyman, and first improved 
by a farmer, about three hundred further changes and 
adaptations have subsequently been patented. All these, 
except three or four, were made by men who began life 
at the forge anil work-bench, handling the hanuner and 
file ; or as workmen, in the machinery the defects of 
which they practically felt and learnt to remedy, or to 
make them more effcctiro, by adding inventions of their 
These multiplied powers of prodnction, iseoing 
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ae they did in the wonderfol inventionB of the mac 
lace mftnufacturc, have constituted tbeir joint r 
the staple trades of Nottingham and Leicester. 

Mankind waa probably first clotbod in dried b 
rndely fashioned to tbe body and uBed also for ] 
taction to the foot and legs. 80 soon as the hark a 
stalks of vegetables and trees were reduced to fibres 
and twisted into thread, as also the wool of sheep and 
goats spun into ysm, the ]>laiting of twigs and rushes 
into baskets would givo the idea of warp anil weft far 
materials of cloth, and hence the posGible origin of the 
weaving loom. All these processes may have been 
known before the Hood. The loom was employed 
certainly in the age immediately after Noah, in the 
manufacture of stufls made from linen, woollen, eilk, 
and probably cotton materials ; from China and Baby- 
lonia, progressively throughout Asia to the Moditerrfr- 
neon Sea ; and eomowhat modified in its operations, 
it came down to the sixteenth century without any 
mechaniua! rival whatever. 

The art of hand-knitting was tbe procaTsor of making , 
looped fabrics by machinery. It is not known when or , 
where, or by whose desterous fingers, the plaiting or j 
knitting of yarn into webs was first performed. It ia, / 
however, simple and, now that it is common, easily 
acquired. One thread only is continuously used, and 
one of two or moro straight skewers, called knittin' 
pins, are held in each band. A first series of f 
loops is formed on tbe left-hand pin, into the first ] 
of which the right-hand pin is inserted ; then 
tbi'ead is passed round it, and it is drawn through ; 



^^^op thus worked into is slipped off upoa tlie web 
H^Jreitdf wrought ; and the samo movomenta are re- 
peated from side to side, each one passing tlirough a 
looj) formed in the row of loops nest below it. The 
web can bo wrought of any shape or size, and Taried 
in its appearance by looping in different ways, as 
dictated by the fancy of the worker. It is elastic, 
closely fitting the skin, may be eitended without dis- 
tortion, returning when taken off to its former state, 
though if the thread be broken, the line of loops set &ee 
may unrove the web. There ifl no historic mention of 
this art till the time of Henry IV. It was first named 
in an Act of Parliament of Henry VII. ; and in seven 
following Acts, knit hose, caps, and also hosiers were 
mentioned. Henry Till, wore knitted silk Spanith 
hose ; and Elizabeth wore a pair of English hand- 
knitted silk stockings, It soon became a domestic art 
amongst all classes ; and justified, by its useful im- 
provement of leisure time, the wise Quoen's cautious 
non-intorferenee with its progress. It has survived in 
some of its varied forms, and seems not likely ever to 
become obsolete. 

The time, however, came when the operations of 
hnman hands and fingers were to be imitated, not only 
in their ruder but in their more intricate and delicate 
operations. To increase the riches of the country, and 
fnmiBh emjiloyment with added comforts to the artisan, 
was the beneficent oi>eration of a loom producing a 
tissue that perfectly imitated the band-knit tor's web, 
^^rf eqnal quality, and with much greater speed. It had 
^^BOthing in common with the old weaver's Un«a-, ^ ■«■**■ 



mnch tooro complete, and of nicer udjnBtmeut of parts, 
eoch ndmirably devised, and fashioned «itli an accO' 
racy at that time almost nneiampled. To attempt 
this, required a masculine self-oommimd ; and to ao- 
complish it, a raocbanical 'geniue of the highest order. 
The person to whom England owes this new and 
intricate machine, wag the Rev. William Lee, M^ 
That it was an English, and not, as pretended by some, 
a Freneh invention, is attested by the frame-work 
knitters' petition, 1656 ; Cromwell's charter, IfiSTj 
Charles ll.'s charter, 1663; hy Dr. HoweU, 1680; 
Becfcmann, Voltaire, and the French Encyclopffidiata. 
There have been Taried acuouuts given of the inventor 
and his stimulus to invention. Aubrey Btatea him. to 
have been an Oxford etudent, and probably of Mag^ 
dalen Hall. Auron Hill adds to thie, that he married 
an innkeeper's daughter, lost his Eellowship, and fell 
into deep poverty, and was supported hy his wi£e*B. 
earnings from knitting. " Watching her, he contrived 
a loom to do the work more quickly, thereby benefited 
the nation and became a wealthy man." Rees' Oyclo- 
peedia adopts this account in the main, Nov this. 
William Leo was not of any Oiford college, nor wag, 
he, as stated hy Evelyn, a curate in Sussex, nur yet thfl 
William Lee from Sheffield, of Cloro Hall, Cambridge, 
M.A. in 1577. This William Lee was a M.A. erf 
St. John's College, Cambridge, but not a Fellow; and; 
he was not expelled from that or any other colleg' 
there. Dr. Thoroton (History of Notts, dated 1675 
says, " At Colverton was born William Lee, M.A. i 
Cambridge, and heir to a pretty freehold here ; wl 
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1 knit, mvented a loom to knit ; 



which he or hia brother James performed nnd exer- 
cised before Queen Elizabeth ; and lenving it to one 
Aston, his apprentice, went beyond the sea ; and was 
thereby oetoemed the author of that ingenious machine, 
wherewith they now weave silk and other stockings. 
This Aston added eomothing to his master's inventioQ. 
He was sometime a miller at Thoroton, nigb which 
place he was bom," This history was published only 
sixty-seven years after Lee's death. William Lee cer- 
tainly officiated at Calverton, whore the living was then 
only of the value of 4/, a year. His own "freehold " 
might enable him to meet the cost of his experiments. 
The Lees were numerous at Calverton and the neigh- 
bouring Woodborough, and have continued so ever 
since ; and the people became mostly frame-work knit- 
ters. In the Calverton pariah register ia the following 
entry : " Buried Joseph Lee. stoekinger, the last of the 
family of Btocking-frnmo inventor Lee in this parish, 
17 April, 1755." Stow Bays, " In 1599 was perfected 
Uie art of knitting silk stOL'kings by steel engines by 
William Lee, M.A. St. John's College, Cambridge. 
Tradition attributes its origin to disappointed love." 
Deering says the same in 1751. Anderson gives the 
like acoonnt. Blnckner in 1815 repeats it, with the 
significant addition, that " the object of Lee's afiection 
was employed in instructing pupils in the art of hand- 
knitting." Eenson, in 1831, gives as the cause of 
Lee's invention, disappointed love ; and Ure, in 1833, 
B to Lee's impelling motive, unrequited love, 
iching tlmt a man of gemue iB lio^ ^n "Xi^ ^■l^'ujv 
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with impuoity " ; and as to his invention, " th»t 
nmains the most remarkable etridc in human ^ 
covery." Lee never maiTied. Elmore's clover picti 
is tbereforo founded on a myth ; and the etory 
"Hnt-Brown Maide " is a labonrod ronianco. 

Lee, having decided to construct the meditated loo 
depended on the skill of Nottingham workmen 
wood and iron, which was then proverbial. Hie fi 
machine was almost wholly of wood. The cspec 
tion of realizing a largo fortune absorbed all oti 
inteiesti ; and at length led to the resignation of 1 
duties as clorgyman, although in his portrait, now Ic 
but copiod in the arms of the London Framo-wo 
Knitters' Company, he appears in the gown and cap 
a Master of Arts, pointing to a hose on his stocki 
&ame ; while on the other side, a female is showi 
her empty and therefore useless knitting pins, T 
original picture was thus inscribed: "In the yt 
1689, the ingenioDs William Lee, M.A. of St Job: 
Oollege, Cambridge, devised the profitable art i 
fitockings (but being despised went to Prance), yet 
iron to himself, but to us and to others of good ; 
memory of which this is painted." His brother, Jan 
Lee, was bis best mechanical helper, and bis b< 
workman when his frame was completed, and until 1 
close of his life. James, and each of his fello 
workmen, wore a needle suspended by a silver cb 
round his neck ; a practice cuntinued by the i 
until the time of Queen Anne. The produce of 
first frame was sold at Nottingham, but with difiir 
because of the prejudice against macliine-w 



No esact lecord eiiste, left by Lee or any one 

f those around bim, of the steps talton. in conBtruct- 

l Mb, to them, snrprjsing machine ; bnt they must 

3 been as related by tradition, and very much as 

>ws: — 

It would seem to him impossible by a machine to 
knit a round web ; but he saw that he might knit 
straight lines of loops one upon and after the other, 
and thea join the selvages to make it round. Then 
came the idea of throwing the continuous thread across 
long elastic hooks (needles), whose points should be 
pressed down into a groove to be filed out on the stem 
vire ; and thus, after much labour and loss of 
3 made the needle used to the present time 
(Fig. 1). Placing a row of twelve of these firmly and 
horizontally in a piece of wood (Fig. 1, t) eight to an 
inch, ho made by hand first one loop and then others 
a BuccesBiou, firom side to side each way ; thus looping 
L pair of garters. Besides this fimne, thoro was needed 
B bar presser (Fig, 2, A) of wood, and proi>erly 
Shaped, to press down at one movement, by one hand, 
all the barbs of the hooks into the grooves ; while with 
the other, to bring forward the loops already made, 
and pass them over the beards and needle-heads (Fig. 3, 
S and R). Thus he made row after row until a long 
web had been produced. One continuous thread was 
need, in forming a succession of loops, giving sufficient 
yam to each loop across the straight line of needles ; 
passing it along the stems of these, by the operation of 
incke and sinkers (Fig. 1, h and /). The jack is a 
^^Qfiyei working freely on a wire, upon which it ia 



long 
^^Wessi 

incL 

I'aiB 
tilin.1 
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balanoed ; and made of wood in Lee's frame (dnoe of 
iron), one to every needle. The; were kept in place 
by working in a comb, and were held from foiling 
forward by a light Bprisg (Fig. 1, it), acting at the tail 
of each when not in use. There is a slit in the head of 
each jack, &om which the sinker bangs (Fig. 1,/), and 




acts perpendicularly. The jacks are of thin smooth 
iron, and so shapod in moulds, aa by passing between 
the needles, to take down the thread for loops, and then 
to carry them forward under the needlo beards, close 
to their heads. The presser (Fig. 2, A) puts the 
points of the beards in their grooves (Fig. 2, B) ; then 



the Binkers bring forward tlie line of loops already 
made (Fig. 3, S and B), passing it over the laet-formed 
TOW ; and finally take the web back to the stems of the 
needles, ready for a new conise. The sinker was so 




arionB Keedle beard. 



shaped as to perform peifcctly five essential operations, 
and has remained unaltered to the present time. The 
jacks, following the thread alternately from side to 
3 forced down one after the other by an iron 




IStrmnent called a slur-cock {Pig. 1, ni), which when 

died by treddles (Fig, 1, n), strikes the tails np. 

machine has to be luovcd forward b^ t\«i \mas.i. 



then to sink bj a central spring, and go back t 
first position ; the sinkers moanwhilo perfonniiig ti 
snccosaive duties. EleTen movenicnts are reqai 
form each row of loopa, ncceHsitating careful y 
use of the workman's banils, feut, and eyes. 
fears were spent by Loe in the perfecting of hia fi 
At length, this indcl&tigable clorgj'iuan and mechar 
became the suoceaaful inTontor and confitructor o 
knitting machine. He Boon saw that hy i 
loops on the outside selvages to the next i 
inwards, the web conld be narrowed, and 1 
reverse process 'nidened, thus shaping it to t1 
The formation of stocking heels required much thought 
and skill before the difBcnlty ivns overcome. By skil- 
ful band-knitting 100 loops may be formed in a nilnnte. 
Lee made on liis first frame 600, and on hiE socood 
1200 in a minute, the latter being of double fineness 
and of silk. Modem narrow hond-fraraes have from 
150 to 000 needles ; wide hand ones sometimes 1600 
in each row. Thirty courses may be mado in a minute ; 
thus producing, according to width and gauge, from 
5000 to 40,000 loops in that space of time. The eyes 
are tried, but the varied muscidar escrciso is fovour- 
able to health. Though at first sight the movements 
of the machine seem intricate, yet they are not really 
BO, and tens of thouEands of lads at twelve and girls at 
fourteen years of age have begun their life-long labonr 

Lee formed large expectations of the benefits which 
this invention would confer on bis eoontrymen, and 
removed hia frame to London, attended hy James Loe 
and other workmen, his relativeB, m ho^ «t iAft».wTi% 



B-Vid 



'&e approving patronage of his Bovereign. "Wlien the 
[fact of a complicated knitting machine became known 
at Court, it was thought to be almost a miraculous 
^STcnt. Elizabeth's kinsman Huusdon rec[ueBted her 
inepection of it, and accompanied her to the lodgings 
of the inventor in Bunhill Kow. She expressed her 
approval of its ingenious construction, but disappoint- 
meut that the product was a coarse worsted stocking 
(it was only eight loops to on iuch in width), instead 
of the fine silk hose she had expected. Lord Hunsdon 
still felt the importance of the invention, and pressed 
for a patent giving Lee a monopoly of its use. This 
the queen finally refused, on the ground that " the 
eiclnsive privilege of malting stockingB for all her 
BEbjectB was too important to be granted to any indi- 
"Vidual." Her relative, nevertholesK, bound his son to 
to learn the art of fi'ame-work knitting, aecur- 
m interest in the expected profit ; and thus Sir 
William Carey became one of the first stocking-maker's 
apprentices ; his father, as it seems, furnishing money 
,for constructing the nest and probably some other 
Lee proceeded to fulfil the queen's Bagges- 
ion, by constructing a frame of twenty needles to the 
Inch instead of eight, and on which silk hose were 
made in 1598. This required all the inside work to bo 
reduced to two-fiiths thickness of the instruments used 
in the first. Elizabeth praised and accepted a pair of 
ililkhosefromit, but awarded Leo no further encourage- 
was Been at Court no more, but employed 
his workshop, in the construction of nine 
ihines of still finer gauges. Five years later, he 
iw Ids sovereign laid, in 'WeB\iimia\ftx KSowj. "^sa 
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coldness was a severe disappointment to Lee ; yet she 
in reality indirectly pointed out that tlie inventor's 
profit lay among the higher classes, and not in a com- 
petition with hand-knitters, the cost of whose articles 
was the money spent in the yam which they used; 
whereas hand-knitted silk hose could only be obtained 
from Spain, and at an excessive price. Not receiving 
any patronage from James, his secretary Cecil, or the 
Court, Lee became greatly discouraged, until Sully, 
Henry IV.'s envoy from France to the English sove- 
reign, desiring to encourage manufactures there, offered 
to transfer him and his invention to that country. 
After some hesitation from dread of religious persecu- 
tion, he consented ; and taking James Lee, eight work- 
men, and as many frames to Eouen, "wrought there 
with great applause." He himself was presented by 
Sully to his master and graciously received. He was 
again broug^it into note by his success at Bouen, 
though while waiting at Paris for the grant of a special 
privilege, his hopes were overthrown, through the assas- 
sination of Henry by Kavaillac. Sully retired in haste 
from the capital ; and Mary de Medici withdrew pro- 
tection from Lee, who, as a Protestant, was in danger 
and distress. Labouring under a deeply-wounded 
spirit, he summoned his brother to come and comfort 
him ; but it was too late. When James Leo arrived, 
he was dead (probably heart-broken), and already 
buried — where is entirely unknown. This event took 
place in 1610. After twenty-five years of deferred 
hope did this great inventor, almost an outcast from 
his own country and an alien in France, thus succumb 




HOSIERY AND LACE. 



) big adverse fate. England had the honour to give 
I birth and education ; France gave him its brief 
royal patronage and a grave. No monument has been 
erected to the momory of Leo, but the foundations were 
laid by bim of a uiamifacture which baa grown into 
magnificent proportions, and is making rich the entire 
district where it arose. Thereby his fame is eloquently 
thongb silently made known. 

B brother's death, JamoB Lee, with six of the 
md seven 
uibines, rotuined to 
igland ; two work- 
, however, chose 
amain at Koucn, 
**ith one machine, 
hoping to get Leo's 
privilege. The ma- 
chinery' brought back 
to London waa set up 
in Old Street Square, 
and became the ori- 
gin of the hosiery 
manufacture in the 
_nietropoHs. The ma- 
sought 
p, and sold; while 

roved plan devised 

r Aston, were con- P'g. 4- 

,_moted. These (Fig, 4) had a fixed sinker placed 
between every two movable jock sinkers, and also twice 




14 BRTTISB MAXUFACTUBrXG I^'DUSTETES. 

the number of ueedles, so that the gauge and Toloal 
the frame itself were doubled. Of theise many i 
Boon made in London and Nottingbtumhire, and fl 
Venetian ambassador, about 1620, gave bWil. fori 
frame, which, with an apprentice, he sent to Vei 
But though in repute for mechanical skill, the &i 
there could not give it needful repaire, so that it 4 
brought back to England, and the project failed. 
the workmen left at Bonen, one Boon died ; 
worked on hia unimproved frame for forty years. 

Early in the BeTontoenth century the London Fra 
work Kuittora' Compony was formed, for rognlal 
wages and opposing non-apprenticed bands. Thus 
many masters woro driven abroad for a time. Li 1640 
there were two master hoBiers in Nottingham, who pur- 
chased country machine-made goods. The manufacture 
spread through tbe counties of Leicester and Derby, 
using materials of cotton, worsted, and silk. A frame 
was taken to Hinckley in 1640 ; in 1790 there were 
1000 in that place, and in 1844, 1750, on which 58. 34 
only was earned in a week by making coarse hoee. 
The demftnd hna since then increased greatly, and 
wages in still greater proportion. The first frame 
worked at Leicester was in 1670. Much prejudice 
eiiBted against raacLine-wrought hose ; yet in 1700 the 
makiag of worsted hose there had become a trade. In 
1750, 1800 frames wore employed by many hoeierB 
in that town, who added linen thread hose to their 
worsted productions. 

Hetuming to the London Company and the power 
which the membors of that body sought to eserciae, a 



^^^H BOSIEET AND LACE. 

Etockisg maker (one Fickard) set tLem at dsfiance, 
wliereupon they applied to Cromwell tte Protector for a 
charter, alleging that " Pickard taught his art to anyone 
for money; made underfaHhioned and unsound hoBe;and 
of slightly-twisfed yams." The Charter of Incorpo- 
ration wan granted in 1657, empowering the Company 
'' to make laws conaietent with the custom of London, of 
which city they might chooBe any citizen as a memher ; 
might levy fines by distresB, and search for and prove 
any frame-work knitted goods; and if found ill-made or 
of doceitful stuff, cut them in pieces." It ordered also 
that no frames should be exported. Every stocking 
maker muBt enter the Company, or pay 51. weekly until 
be did so, and tbo statute of Elizabeth as to apprentices 
was enforced. This was followed by a, second charter, 
granted by Charles II. in 16G0, giving power to rule 
and manage the manufacture of hosiery throughout the 
kingdom. In 1686 another grant by the Crown 
extended theae and further powers to Ireland, where 
many frames were at work. More than 400 franoea 
having boon espoitod, a fine was levied on the removal 
of one without notice, and all were numbered. This 
stopped the practice. In 1G95 there were 1600 frames 
in aud near London. The construction of the general 
body of machines in this trade at the close of the 
seventeenth century showed that the frame-amiths 
had attained great skill. Many of them were at work 
in fair condition within the recollection of persons still 
living. Worsted hose were made early in the eigh- 
teenth centnry of three, four, and fire-thread yam, and 
-fashioned eUk hose were much worn in fancy 
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colouTB, and with long ankle-clocbs embroidered with 
tho needle on the insteps. Workmen in plain gooda 
earned 3g. a day — in embroidered 4«., working BBually 
fonr days a week in the country, and earning 10s., and 
in London 15«. on an average. Meat woa then l^d. a lb., 
and bread li.d. a atone. In 1727 there were 2500 
frames ia and round London, and 5500 in the pro- 
vincoB. But many of them were unemployed, and the 
workmen's privations were mainly due to two or more 
apprentices being taken to one journeyman, a practice 
which was greatly promoted by parishes offering 5Z. for 
each youth taken off their hands. Thus a man at 
Nottingham had always on an averrge twenty-five 
apprentices, and never employed one journeyman for 
thirty years. Cartwright, who had twenty-three, and 
Fellows who had forty-nine apprcnticcH, removed their 
frames from London to Nottingham, 1710, in conse- 
quence of I'rame-breiiking Laving for the first time taken 
place in London in the shop of one Nicholson. The 
London Company fined Oartwright 150i. and Fellows 
400i., and on their refusing to pay, their machinery 
was sold ; but the legality of the proceedings being 
disputed, the authority of tho Company was overthrown 
by a Committee of the House of Commons in 1753, as 
tending to a monopoly hurtful to trade, and thus this 
body ceased to interfere beyond twenty miles round 
London. Through all these disputes the musters 
opposed and the jonmeymeu supported the Company. 
This corporate body became so impoverished by its 
Insurious extravagance, as to borrow even 50/. on 
security of its pictui'es and plate. ^_ 



In 1730 the first atocHngB of cotton yam were 
made. They wore of fooi and five threads, epnn in 
India. Tliis yam was harsh and unyielding in woik ; 
but as the use of cotton hoso increased, its quality 
■was improved. Marks were pnt in the tops of hose to 
indicate the number of threads used in tbem ; but in 
spite of an Act of Parliament, they have ever since been 
&lsified. South Aiaerican cotton wool produces the 
most pliable yam. The spinning for hosiery purpoBes 
is a difdcult operation, but is carried on very largely 
and successfully at Cromford, Bolper, Staleybridge, 
and Ashton-under-Lyne. In 1750, everything tended 
to bring the hosiery manufacture into the Midland 
counties, and accordingly 1600 frames had been sent 
from the London district thither. At that time there 
were in the United Kingdom 14,000 frames. The 
letting out of frames on hire, by owners of them not 
in the trade, was now for the first time distinctly 
practised, though resisted by the workmen, as intro- 
dncing needless frames, and thus overloading the 
business with machines and hands. Direful effects 
have ever since resulted from it. Another pernicious 
practice was imported into the apprentice system. 
After a few months allowed in which to learn to 
work the machine, each had a stint of labour set him 
to perform, and all ho earned beyond was his own. 
This was just to his master and a stimulus to himself. 
But bo has been permitted to do the stint when he 
pleased during the week ; and thus by misusing bis 
leisure hours he has too often become " tlie Shacking 
StoekJDgcr." 



Abont the year 1750 hosiery wnges were very low; 
the masters' dwellings were ill fumiBhed and deeolftte, 
while the workmen and apprentices were reduced 
almost to starvation. The qnality of their work was de- 
teriorated, anil French eilk hose were so much in demand 
that Parliament in 1754 prohibited their importatioiL 
For twenty years English hose had Paris put into the 
welts to induce sales. National rivalry being at length 
aroused, a contest took place between two selected 
workmen and their frames, but even the London 
referees decided in favour of the French. Spanish 
embroidered silk and mitts were, nevertheless, imitated 
with success ; and some journeymen could earn 12«. ft 
day. by making them. 

Very soon tlio spirit of emulation and onterpriee 
rose into activity thronghout the midland conntieo, 
and with niarvollons results. No attempt appears to 
have been made until about 1740 to add machinery to 
the stocking-framo, so as to vary the torture or face of 
the web ; but in that year a " sliding tuck-presser " waa 
applied. This was so notched oa its edge as to allow 
any of the loops to remain on particular needles, until, 
by using the ordinary prosser, the whole of the loops 
across the frame were passed over the heads of all the 
needles upon the web already mode. If colonred 
threads wore used, a further variegated face was given 
to the web. This iastrnment has since been used for 
other purposes. Hose, knitted by hand so as to be 
ribbed in straight lines down the entire length, by 
reversing the loops in them, were, from their closelT 
fitting the leg, much worn. To produce this ribbing 



effect on the Blocking frame waa, for a time, an object 
of imBnccesafiil effort ; amongst others, by two frame- 
work knitters named Bowman and Roper. WooUett, a 
hoBier at Derby, also bronght this question nnder tbe 
notice of bis brother-in-law, Jedediah Strutt, who, 
though an agriculturiBt, had early occupied himself in 
mechanical pursuits ; and the reference proved sue- 
cefisful by the invention of the " Derby ribbing ma- 
chinery." 

In tbia the primaple was introduced of operating 
■upon any one or more of the loops or meshes of a 
web, by the addition of an independent selecting appa- 
ratus (see Fig. 6). This lies at the bottom of all 
subsequent methods for altering the course of threads 
at work in hosiery and lace machinery, and conse- 
quently the face of the webs and texture of patterns 
introduced into them. The invention baa given to 
Stiutt juHt prominence among men of talent of that 
age ; though, from its simplicity and easy application 
in the first instance to the stocking-frame, it but 
slowly obtained the attention that it deserved in regard 
to other machines. Strutt waa bom at Blackwell, Der- 
byshire, in 1729, where his father waa an occupier of 
land. He was the second son, and received an or- 
dinary education in the neighbourhood. Possessing 
much decision of character, and an insattHhle desire 
for usefal knowledge, of which be early acquired the 
elements, he became a self-taught practical man, and a 
skilful mechanician. Having married a sister of Mr. 
Woollett, a union that proved a very happy one, Strutt 
B^i^[emoTed to Derby, exchanging agriculture for hosiery 
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manufacture, and thus necessarily became acquainted 
with the movements of the stocking loom, the most 
intricate then known. Strutt's invention did not re- 
quire any alteration of Lee's frame, for it Vas simply 
an addition to it If worked without that addition, it 
produced a perfect looped plain web, and by placing the 
added apparatus so as to work in co-operation with it, 
a ribbed web was the result. It is of iron, and hung 
on jointed arms in front of the frame ; and needles 
like those in the ordinary stocking frame are placed 
perpendicularly in this, so as to enter between the 
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horizontal ones of Lee's machine (Fig. 5, a, c h d). 
The number of needles in the added apparatus, and 
their relative places on its extra bar, eoTte«^a\A^\Xi. 



5 widtts and places of the ribs and nnmber of 
reveieed loops to form tliem. Wlien all tlie old frame 
needles baye had their loops pressed, which all face 
one way, the needles of the new machine are broughl 
by its Bwinging motion to enter between the old ones, 
penetrating only those lijops which are to form the 
ribs; and these passing imder their beards are re- 
versed, and then pressed agaia, passing over the needle 
heads with the other loops, but with tho visible parts of 
the ribbing loops turned the other way. Tho ribs may 
be varied in width from one and one, i. e. every other 
loop, as in sock tops, to any number required by the 
Lirearers. Woollett and Strutt took out patents in 
■'1768-9, and their bosiness increased rapidly in these 
P*o-calIed " Derby " ribs. Infringements soon occnrrod, 
ftand actions were brought with success against associft' 
K.fionB of hosiers, and the patent rights secured. The 
femily retired finally from tho hosiery mannfactnre 
about 1805, in favour of Paget and Byng. But the 
demand for ribbed goods of various kinds, and for 
male and female wear, has enormously increased, while 
Strutt's principle of selection remains untouched, 
tbongh its subordination to automittic action has en- 
larged its productive powers to an extraordinary 
extent. 

Strutt had beeome connected with Arkwright in 
1771, furnishing capital for his cotton-spinning plans, 
and also BVill in overcoming difficulties in their eitecu- J 
tion. Success was evidenced by the Cromford Mill s ; I 
and after their partnership expired, by Strutt's erection I 
_ of four splendid mills at Belper, He, ^WaVift '&sk&. 
||»Brtaer, Need, began to weave caUcoaft ft.\,"D«fty3,-^i»»% 



higLly-twisted cotton warpB ; which, tliongb not with- 
out much oppoeitioQ, resulted in the goneml odoptioiL 
of the pkn. Mr. Strutt died at Derby in 1797, aged 
eiity-eight. To promote the welfare of hia family, to 
encooFagi] the trades of mhioh he woe the foimder, nod 
to fill with honour the poaitiou to which hiB talonts 
and integrity had rai§ed him, were the objects he 
aimed at and attained. His sone, who carried on the 
buainees with much enccese, were also diBtinguished 
for literary taste aud public spirit. EiB grandaoQ is 
the present Lord Belper. What a contrast between 
the heavy iliBappoiutmeut, ead exile, and lonely death 
of William Lee, and the bright, uecfnl days of Jedediah 
Strutt, his long aud successful career, followed is only 
the third generation by a peerage I Modem titles hare 
not always hocn so well bestowed. 

Strutt'a apparatus being prominently placed in the 
front of the stroking frame, would show, to overy 
looker on, the fact of external individual action on the 
needles, which might otherwise escape notice. But 
when gi'eat numbers were spread over the Midl^id 
district, the mechanical selection was seen at a glance, 
and farther developments of such a fertile idea soon 
began to appear. It lies at the foundation of Morris's 
patents, 1764 and 1781, for making eyelet-hole ankles 
and insteps in ladies' hose ; also of Crane's patent, 

1769, for looped nets ; and Else made his machine in 

1770, by added operations on the needles. This 
principle of control and selection, variously modified 
and applied, produced in succession the knotted, 
twilleJ, stump, mesh, and point-net machines. 



HOSIERY AUD LACE. 



^^K.In the narp frame, where no weft thread ie used, 
^Rlit each warp thread loops aidewajB on its neighhour, 
every needle, in its wide horizontal range, can be 
similarly selected and governed in its action. Thus, 
not only diil fancy hosiery modifications cause a large 
and growing increase of production, but all the 
macbinc-wronght plain and fancy lace manufacturera 
of England and the Continent owe their rise, and much 
of their estension and value, to the example set in the 
added meehanisra of Strutt, Morris, Crone, and Elae, 
eaeli infringed on him ; but as they were employed on 
other kinds of goods, and did him no injury, no legal 
proceedings were taken. One Buttcrfield, about 1752, 
devised a plan, and Betts conetructed it (showing it to 
Shaw, who with Morris patented it), in which the 
tuck presser and the ribbing apparatus were combined. 
The tuck presser brought the loops to be shifted to the 
needle heads ; and in order to make eyelet-holes, these 
were removed by abort, flat-pointed ticklers, fastened 
to a bai'. These ticklers covered the beards, pressed 
them into the grooves, and then took off the loops ; and 
by a aide movement placed each of them on the next 
needle on either side, leaving a series of fast holes 
below the next course of loupa. This clasa of machines 
has passed into every country where hosiery frames 
ore employed. 

Harvey, about 1770, brought tho join machine from 
London to Nottingham. This had one crank-pin to 
every needle. Its further constmotiou is unknown. 
An improvement on it is used at Lyons and Vienna 
r making silk nets. 
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Morris took ont another patent in 1781, for paeaing 
eacL of the sinker loops two noedlea on citlicr Bide, 
mukiug a roimil mesh, and tborebj producing wbat 
was long knomi its Ponrr Nbt. This constituted an 
ftdyauco in looping machinery, equal to any effected 
between 1760 and 1800, and from tliis epoch machine- 
wrought hosiery and lace diverge into separata trades. 
Some infringers on Moms nsed hooks inatead of points, 
while others plac«d the points differently. In Morris 
1). Branson, 1778, Lord Mansfield held, that ■' to offiiot 
liy machinery, in any mode, the working of a whole 
oonrae of loops at once, which before the potent had 
been only done loop by loop by hand, was an infrtpge- 
ment of it," The jury gave 500/. damages. 

Modifications of the stocking frame wore now vigor- 
ously carried on. Else and Hammond laid aside the 
tuck pressor ; operating on the loops by ticklers alonSj 
so as to remove thorn by a sliding needle bar and a 
side motion. In 17G9, B. Frost producoil a figured 
net, by using on the stocking loom a hollow roller, 
with curved points on the surface, pushing forward the 
roq^uired tickler slides, so as to act, while leaving the 
oth^irs at rest. There being a tickler to each needle, 
any stitch coald be removed and a pattern in lace pro- 
duced. This was tlio first plan of self-acting selection 
reanlting at last in the Jaoquard machine. 

HosB produced in 1767 a velvet pile web, hy cutting 
rows of slack loops. He paid Lis workmen at the rate 
of a shilling an hour and retired with a fortune. 

Crane patented, in 1769, a method of producing 
beautiful brocades and flowers, employing a cylinder 



Her and draw boy in selecting the needles ; bnt not- 
F^riUiEtaading hifi great meclianical skill, be died a 

, by placing ttie 
cylinder in front of the frame, on which iron pins 
were driven ; these acted by spring ticklers on needle 
eyes, irom which stitches were removed without touch- 
ing the needles, thus producing the required pattern. 

Patents were taken out by Horton in 1771 and 1776 
for knotted hosiery and double-looped work, most 
excellent and durable articles, largely used for more 
than half a, century ; indeed, in 17'Jd one thousand 
frames scarcely supplied the demand. The colleague of 
Napoleon I., Consul Lebrun, constructed one of these 
frames for making^ne knotted hose, at his manufactory 
in France. Horton had become well acquainted with 
the mechanism of the stocking frame in his youth, and 
one day, seeing a workman making on his machine ft 
tuck stitch diamond in the hand of a glove, be pro- 
ceeded to make stockings of wholly knotted work, 
nsing Lindsey's tickler frame on Else's plan with 
adjustments of his own. A gentleman named March 
furnished the money to patent the plan and improve 
upon it ; in the latter, he was assisted by Peet, Betts, 
and Stevenson — clever workmen in the trade, Horton 
himself was an indefatigable mechanician ; and living 
to an advanced age, realized a large fortune. 

In 1776, Brockley, a poor Nottingham stockinger, 
devised an imitation of Horton'a knotted hosiery. The 
goods wore called twilled, and as thoy were non-elastic, 
1 went out of use. But ho effected an U!^v^\^^ia&. 
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alteration in the web, which waa made nith a sQk 
£Bce outwards, by carrying a cotton thread behind, 
tbnB making it a donbl&-looped fabric, kDown as 
flatted work ; and so long aa the back was of twisted 
{■M threads cotton yam, the articlta wore well; but 
wboi timjte yam (that carse of the etcicking trade) 
became geaerally used, their nneonndcees caused the 
ouumfaetaie of platted goods soon to become eztiitoL 
SCeantimie theee ranchtnea Lad given employment to 
nuuiy hands, and fortimes to their employers, yet 
grocklcy died at Nottingham in Tcry humble circum- 
gtancea. 

Bobert Ash, another ingonions bnt ill-reijoitod 
gieehanic, patented, in ITSl, b, plan fur making 
" fostened platted work." This was a machine pro- 
ducing an eloetia twilled fabric, but the movements 
irere so complex aa to prevent its extensive ase, 
althongb pogseeeing snggestiTe merits, which did tuacli 
credit to Ash as a mechoniciau. 

Hague patented, in 1790, an improvement on Ash 
by placing etnmps cast into leads, operating over and 
parallel to each needle, and this withont a preaBer. 
This produced a platted web ; and the frame w&s 
known as the fnesh machine, Hagno was able, bnt im- 
provident, and sold bis invention. He had been feirly 
educated- his first trade waa thut of a baker, though 
ftflerwardfi he became a schookoaater and could solve 
problema algebraically. He had a poetic vein, oven in 
his cups BBging aottgs of his own composition in the 
atreetaformon^y- Yet he waa well known and often 
conaiated as a g^* '^^'^'^^ ^" '^"^ "' ^ottmgham 
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it deep poTerty. The goods, made upon about 300 of 

pe called elagticg, and when properly 

3 wonld wear well ; but to meet competition they 

at length fi-audoleiitly turned out, and their 

moiacture was destroyed. 

In 178i, Webbo, of Birmingham, patented a simpli- 

BBtion of the Derby ribbing frame ; and 300 of these 

I luachines were worked for somo years at Banff with 

great profit. Soon after, Ehambolt took the plan to 

Paris, where, and at other places in France, many 

machines were constrncted npou it. 

Articles closely fitting to the body, as rests uid 
, are found conducive to the health of the 
whether made of fleecy animal wttol, for warmth ; 
of cotton, for economy ; or of silk, for its electric pro- 
perties. Bandaging of electric hosiery web has been 
long used for surgical purposes. In 1788, Holland, & 
London hosier, obtained a patent for the mannfacture 
of fleecy hosiery, ^Njcially nsefnl on account of its 
warmth, elasticity, and power of absorption, in many 
chronic complainta. Patents for improvementa were 
taken out in 1790 and 1702, and his honse long 
retained a well-earned celebrity amongst medical men 
and the public at large. 
^B So further important hosiery inventions Gccnrred 
^noor to the year 1800. 

B Notwithstanding the many modifications of the 

hosiery frame, wages remained very moderate, and 

profits wore only partially and slowly increased by 

fl iem. A Midland Stocking Makers' Mutual Protection 

^^■pciety had been formed in 1777, having fat i.t& ub>,«fi.\. 
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tlio prevention of tbo nuduo mfliix of apprenticed boyB 
and girle, which still continued. Tbie society soon 
beonme powerful enough lo return Mr. Abel Smith bb 
Member of the Houso of Commons for Nottingbftin, 
on wbieb occiiaion Lis chair was ornamented with the 
newly-invented white silk luce. In 1778 a petition 
was presented to that House from tlie frame-work 
knitters tbrougbout the kingdom, stating that thoy 
oould not by their utmost endeavours obtain the 
common necessarios of life, hy reason of low wages, 
&amo rent, and other charges; but the request for an 
Act to regulate and settle wuges was refused by G2 
against 27. The silk hosiers soon after sought to 
fiirther rodnce wages, and this induced people to 
Hubscribe money to resist thorn. Mr. Robert Smith 
(Lord CaringtonJ said, '■ The bill again proposed was 
moistened by the tears of the distressed frame-work 
knitters." It was thrown out on the third reading by 
57 to 18. This was the signal for riots at Nottingbann; 
300 of Need's frames wore broken, houses were sacked, 
the Eiot Act was read, and military called out before 
quiet was restored. The hosiers opposed all inter- • 
ference, whether by Parliament or the cbartored 
London Company, as tending to drive the manufaetnre 
to France, and it was no wonder that there were 
further riots in the nest few years. 

About 1782, Elizabeth Drake was tbo first female 
employed in ehevcning hose at Nottingham, i, e, 
embroidering them by needlework with silk or glazed 
linen thread. But before fifty years had elapsed, most 
of the ornamental styles, which bad employed many 



Iiandg with profit tu tlie hosiers, hod gone out of 
&gluoii. 

Trade revived somewhat at the close of the war 
with the American colonies, and hosiery wages im- 
proved. Hands employed on plain cotton and worsted 
hose earned lOs. to 12s, - eilk, 10s. to Ids. ; on knotted, 
twilled, and elaEtic goods, IBs, to 3Qs, a week. Hoee 
made with fancy clocka were paid for one-third above 
plain prices. At this period there were 17,330 stocking 
&anicB in the midland counties, 500 in London, 200 
in Surrey, 650 at Tewkesbury, 300 in Northampton- 
shiro, 700 in Dnblin, 300 in Cork, and some in Scot- 
land; about 20,000 in aU. Bnt by the end of the 
eighteenth century niost kinds of fancy hosiery had 
gone out of fashion, and 8000 frames went on to ploia 
hose, in addition to a great number of now ones, con- 
Btiucted merely for the rent paid for their use. In 
1812 the number of frames had risen to 92S5 in 
Nottinghamshire; Leicestershire, 11,233 ; Derbyabire, 
4700; elsowbere in England, 1921; Scothind, 1440; 
Ireland, 774 : total, 29,632 ; on the Continent, 13,189. 
The demand which arose in the early years of the 
present century for frame-work knitted hose, panta- 
loons, and gloves for our army, relieved tho trade, but 
far &om effectually ; and the country had been sorely 
visited by several bad harvests. The request for 
hosiery rapidly declined, so that by tho year 1810 the 
cry, never to be forgotten by any who heard it in those 
days of dreadful suffering, " Give na work at any price 
^^ — half a loaf is better than no bread," was uttered by 
^KftousandB of balf-famisbeil frame-woiktaS.'t'un:*- Tae, 



distmsB in 1811 'was beyond patient endorance, and 
tha practice of framo broftking was once more resorted 
to. In 1710 frames Iiad been broken in Loudon, and 
in 1723 weaving looms in tbe West of England. 
Again, in 1770, silk looms having been destroyed is 
SpitaUelils, somo workmen wore hanged at tbeir ovii 
doors for the otfenee. In 1773 anJ 1780 similar law- 
less proceodinga took place at Leicester, The im- 
pelling laotivo for recurrence in 1811 to this wrong* 
doing Viae tlie misery into which the stocking weaveiB 
and tbeir families had fallen, nearly half tlio popo- 
lation of Nottingham, Derby, and Leicester boiog 
relieved from the poor's-rate, and many peraona 
sweeping the etreetsof those towns for scanty aid. In 
iace of the large military force imnieiliutely at hand, 
1000 frames were within that year broken in and 
around Nottingham. Food was demanded, and farm- 
bonsoB were pillaged in the country. Those who 
directed the outbreak were never known, although 
2001. reward was offered. Of the octors in it, eight 
were eiocnted and several transported. This severity, 
and.a temporary advance in the rate of wages, brought 
this fearful state of things to an end. But for tha 
nest forty years the workpeople in this manufacture 
never emerged from distress ; their clear earnings by 
long hours of labour did not through that interval 
exceed on average of 7x, a week. 

A bill passed the Commons in 1812 for the relief 
of the Btockiugers, by enacting various regulationfl 
bearing on the details of materials, wages, and 
soundness of ai'ticlea produced ; but it was rejected in 



tho Lords. This circumstance greatly irritated the 
people who made fushioned hoae, and who were rciiluQed 
almost to bcggftry, for there were about that time 2000 
TTide framea making large quantities of BO-called 
epnrions wort at Sutton in AshfielJ. Again, in 1819, 
intense Buffering recurred, and a large hody of aoldiere 
was sent to Nottingham. 7000/, was auhseribed fot 
relief there, and 6000Z. at Leicester, after eloquent 
appeals by the Eev. E, Hall, and others, to relieve the 
tcnemployeJ hands, which then amounted to one-third 
of the whole. 

A bill passed the CommonB in 1819 for putting down 
cut-up work in hoBiery ; but it was rejected by tho 
Upper House. In 1821 an Act passed both Houses 
for making agreed lists of prices binding ; hut it soon 
became ineffective. Scarcely any hoae were made in the 
three countries during that whole year. A strike took 
place, and unemployed male and female stockingers 
drew loads of cool from pits to the to^vna to obtain 
alms. In 1834 a great turn-out took place, and the 
national trade panic of 1826 produced a further down- 
fall in wages. Scarcely any fancy hosiery was now 
worn, the fashions in dresa being less and less in their 
favour. Orders were rather for plain goods, easy of exe- 
cution, and not liable to gi'eot fluctuations of value in 
stock. These considerations, added to the increasing 
rapidity of transit and communication throughout the 
empire, began to bring buyers and orders, both for home 
and foreign demand, to the local seats of manufacture, to 
their great ultimate advantage. Leicester was tho first 
^E|p realize the fact, in the impulse given to its improved 
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w&rp £mme3 by the ftpplicfttion of Dawion's e 
wheels, which enabled the makers to produce i 
merable ortioles, from etont woollen webs for hre«cbM 
pieces, and glovoe, braces, cravats, and sasheo, to tlie 
finest and lightest fancy silk or cotton tissues and nets. 
The wages for heavy warp goods in 1800 were 
2». U. a yard; in 1816, U. ; in 1819, W., when 1500 
frames ceased to make them. The close of the war, 
by which they had been employed, explains this 
depreciation. 

Woollen and cotton Bocks had begun to be made aX 
Leicester in 1810, giving employment to an increasing 
nomber of bands at an average of 10 per cent, over the 
wages of those making hose. Woollen shirts began to be 
an important article there about 1815 ; and cotton and 
8pDn eilk vests and drawore at Nottingham ; and have 
continued to be muuufactnted extenEively ever aince. 
Knotted hosiery was made at Leicester in 1817, bat a 
change in fasliion had brought down the wages in 1825 
from 16s. to 6g. per dozeu. 

From 1826 temporary strikes and variations in wages 
snccoeded each other almost every secoitd year till 
183S, when wages were at the lowest point ever paid in 
the trade, and the pressure threatened serious results. 
There were then known to bo 33,000 frames in the 
United Kingdom, from which the entire returns were 
only aboat two millions sterling. The 73,000 buTitJa, 
men, women, and children, were for the most port ill- 
clothed, ill-fed, poorly lodged, physically deteriorated, 
mentally depressed, and often morally dubased : easily 
dietingoished by their careworn faces from all other 



htuidicr&ftsmeQ. The eaiunerotioBS of frames bad 
hitherto been of thosa at work only ; bat as those 
Tinemployed were for some years one-third of all the 
macliiiiery actually in the trade, they had beeu prac- 
ticftUy engaged ia lowering the wages of those who 
vere at any time at work. Between 1834 and 1832, 
4000 frames were sold for about 51. each, a price that 
the two years' rent charged would cover, and even the 
low wages were largely paid in goods by many of the 
under masters. The total poor's rate for the county of 
Leicester iu 1814 nas 95,315Z., while the frame-work 
knitters paid in that county the same year 129,2061. 
for frame rent and ahop charges. After thirty-fiTe 
years of such privations and deferred hopes, it is no 
wonder that the stocking weavers sympathized with 
the National Charter then propounded, and said that 
any change must be for the better, Thoufiands col- 
lected in Nottingham, but returned hopeless to their 
wretched homes, for distress pervaded the entire trade. 
The sufferings which the writer had long witnessed led 
him, at much labour and expense, to collect and publish 
as accurate statistics as possible of the machine hosiery 
manuiacture. This required visits in 1844 to the 
stocking frames in 240 parishes in the counties of 
Nottingham, Leicester, and Derby, to ascertain the 
widtli, gauge, work, and wages of each. The figures 
and facts thus obtained were read at the York Meeting 
of the British Association that year, and have been 
several times given in evidence to Porliftilientary Com- 
mittees and Government Commissioners. The following 
^Liigiires were aEcertaincd i^Thore were in Leicestfjc&luiti 
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20,861 frames ; Derbyshire, 6797 ; NottingliainBhiTe, 
16,382 ; elsewhere in Englaml, 1572 ; in Ireland, 265; 
and in Scotland, 2605 : total, 48,482. Of these 6843 
were unemployed. If all were at work there would be 
upwards of 100,000 persons, more or less, engaged ; of 
these about 15,000 were shop masters, and 33,000 
journeymen and apprentices; using up in 1844 xm' 
ported raw materials costing 304,8002. and of home- 
grown 400,9802. ; together, 705,780/. ; wages, expenseSy 
and profits were 1,856,9332.; and the total returns 
2,562,713/. The workman's clear weekly earnings for 
sixtyHsix hours' labour upon worsted and cotton hose 
were under 6«. ; gloves. Is, ; drawers and shirts, 7«. Bd.; 
plain silk, 7^. 3d. ; knotts, 8«. ; and gloves, 7«. 9d. 
This document, showing, from an unbiassed independent 
source, such a miserable rate of wages, justified 25,000 
frame-work knitters once more to ask the House of Com- 
mons for inquiry, and it was granted. The very brief 
statements of inventions made in*previous pages of thia 
paper show, that the miseries endured by the stockingers 
did not result from lack of skill or energy in adapting 
or improving their machinery ; and we shall see here- 
after that the entire machine-wrought lace maim- 
facture sprung from ingenuity derived from or displayed 
in the stocking loom. The causes of low wages were 
undue competition, arising from the parish apprentice- 
ship and construction of needless frames to secure rent; 
middle-men (bag hosiers) making full charges for 
partial work ; ' and payment of wages by truck. All 
these sources of evil have been gradually exposed, and 
have nearly passed away. Both Inquiry CommissionerB 
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and wortpeople opposed making the ent^np hose ; but 
the event has proved that by their loir coat they hbve 
been pioneerB to the ose of fnll-fashioned goods, the 
eulai^ed demand for which has increased 
profits rapidly, and to an extent little anticipated by 
the most sangnine. Connected with this desirable 
change the Leicester hosiers (elowly followed by the 
Nottingham trade) have raised a new and wonderful 
demand for novelties in colours, patterns, and execntion 
— in a word, have made hosiery again fashionable. Ixi 
1850, 1500 frames wore producing fancy hose there at 
20«. a week wages. Twenty-live years ago. one pair of 
&ame-knit hose only was required by each person at 
a year, and the exports were ridicolonaly 
■malL There iros room, therefore, for a great increase 
demand and production. 

An English synopsis of the French laws on esta- 
blishing Coorts of Conciliation, having been drawn np 
in 1835, and extensively circolated, they were thought 
by the fnune-work knitters to bo specially applicable 
to their condition ; hat the idea was for many y.ears 
Dtenanced by their employers. It was not until 
when wi^cs hod been for some time rapidly 
tning as the result of constantly increasing demand, 
that a voluntary compact was entered into by the 
hosiers of Nottingham and their workmen, to establish 
and be bound by a board composed of on eqoal nmnber 
of delegated masters and men, with a master as chair- 
man and a workman as vice-chairman. This has been 
ibnnd hitliorto a satisfactory method of adjusting wages 
titling disputes ; and is esiieui&U-j \m.-^-sAsKis.\i 
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because since 1845 the factory syBtem has been intro- 
duced, along with more and more new machinery of 
complicated rotary moveraenta ; great width in some, 
and many cylindrical heads in others, all working by 
steam, and at high speed ; the production from each 
being under the inspection of one worknmu or work- 
woman. This ia producing such an ahBorptiun of the 
country population into the larger towns, that an en- 
tire change in the arrangements and njanagiiment of 
the business in these im[)ortant parliculars soemB to be 
before long inevitable. 

Strenuous and persistent offorts had been made from 
1825, with the view of working hosiery machinery by 
hanil rotary power, requiring of course new adjustments 
of the essential operative parts. Success having been 
attained, steam was soon employed, and the factory 
eystem necessarily followed. In the icjtie-frame de- 
partment, the trade is indebted, for progressive steps, 
to the several machines constructed by Warner, 1829; 
Mather, 1831; Foote, 1836; Cope, 1836; Coltman, 
1837 ; and amongst later and more important oneB, 
Lnke Barton's and Paget's rotary modiUcationa of 
Lee's frame deserve especial mention. The latter are 
working by steam power, narrowing without loss of 
time, and producing excellent work^tlio heau ideal oi 
the original frame, made self-acting. The thread 
corricr, now universally used, is a most necessary 
instrument for increasing the speed of all wide framea. 
The invention belongs to one, or probably to both, of 
two stocking weavers — Sadler, who died, aged ninety. 



in Mansficlii workhouse ; and Eoe, who diecl in prison 
at Nottingliam. 

It is imposBible to find space for a recital of the 
claime of all those who hare been engaged in this series 
of inventions : for eicept in the kindred machino- 
wrougbt lace, so ai-dnons and expensive a oonrBe has 
Bcarcoly been witnessed elsewhere. Tbo more Btriking 
modifications were as follows : — 

Thornton took out three patents for eoarge looped 
work, being a close imitation of hand-knittod articles ; 
anil tbo prodnco continues in great demand, 

The tumbler noodle was one of the moat curious and 
useful of several invontiona patented by Townsend, 
originally a frame knitter, then a hosier at Leicester, 
and ultimately in the United States, where he met 
with great success. The one in question consisted in 
affixin g on the frame needle a small moving pin, hinged 
just so far from the Itook as that its point may reach 
the hook, lying in a apoon-liko indent ; and, when 
rerersod backwards, may Ho in a groove, pointing to- 
wards the stem of tbo book. The admirable operation 
of this instmment mnst be seen to be folly understood ; 
hut its importance is such as to bo used largely in 
Ehigland, France, Sasony, and the United States. In 
1651, Hine and MondcUa, with L. Diirton, patented a 
wide ribbing machine, on which ton hose could be made 
at once ; by which labour and cost were diminished and 
production increased- In the same year that firm in 
conjunction with Onion, patented a plan whereby the 
speed of Lee's haxae was doubled, and further, in 1867, 
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an improved method of making ribbed webs, with both 
sides exactly alike, as also a stocking frame, in which 
nearly every part is adjusted, according as plain or 
ribbed is desired. Even a highly skilled mechanic 
will find that much study is needed to form a just idea 
of this machine. In the same year Brooks patented a 
rotary ribbing machine upon an excellent plan, and 
which has been worked to profit. 

W. Cotton patented, in 1863, plans for widening and 
narrowing hosiery webs, upon horizontal self-acting 
rotary power frames, in which the operations of the 
knitting part of the machine are reversed, and so 
compactly arranged and compressed, as to work safely 
in the compass of six inches square. It is a first-class 
piece of machinery ; and the right to use it, or permit 
its use, is vested in the Nottingham Hosiery Company 
and J. and S. Morley. 

Mr. Mellor, once a journeyman frame-smith, and an 
excellent mechanic, settled in Nottingham in 1844 as a 
constructor of hosiery machinery. He had already 
made a wide frame producing six hose at once, and had 
also put a thread layer to the old wide Sutton framesy 
and enabled them to make selvaged heels. In 1865 he 
constructed his first wide-fashioning rib machine, on 
which one workman can produce twelvefold over the 
first Derby rib frame. Subsequent improvements by 
Mellor, of this class of frames, have done much to 
increase his fame. 

Attenborough, who has also established a wide repii- 
tation for his admirably-constructed hosiery machineiy, 
affirms the fact that all tools must now be of the mosi 




exact and scientiiic cliaracter. The divisions in the 
long bars of wide JVameB, and of the rima in round onea, 
mftthematicollj perfect to do the work justice; 
therefore no expense ie spared to attain acciuracj in 
mo<Ielfi and perfectly smouth adjustments, to » 
safe and rapid movements in these intricate constmc- 
tione. This iB the more necessary, because finer gauges 
are required ; and therefore lesser spaces can be 
allowed, for hannonioiisly working the thousands of 
iitBtnunente of whicli they are composed. This firm 
has bnilt self-acting frames, each making twelve aix- 
inch Derhy rib webs at a time. They make thirty 
oonrses a minute, and produce 300 dozens of rib tops 
in a week. One man Euperintends two of these 
Deviations in the kinds of ribbed work are 
le by alterations on the surfaces of the wheels that 

■olve Bt the ends of the frame. 

There still remains that singidarly novel, swift, and 
simple coiistroction, the rou7id hosiery frame, invented 
and patented by Sir I. Bninel, in 1816. A seamless 
made upon it, and the needles are bearded, and 

shape like Lee's. They are filed on the outside rira 

B wheel, placed on a rotutiug spindle, at distances 
isponding to the quality of the desired web, and 
similar loops are made on them by the operation of 
ainkers, as in Lee's frame. Yarn, suitably placed, is 
delivered and pressed down, forming loops between 
the needles, and carried under the boards. Thou the 
loops aro obliquely pushed back upon the needle stems, 
while another instrument conies a small wheel with 
(long teeth like radii. The solid part of this wheel 
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presBee is §uocoseion the needle beards into tfaoir 
grooTCB, and, taking the web already formed, slides each 
etitch over the needle beads. Another wheel folloiTB, 
and puts back the loops clear of the needl*! beards. 
Several eets of these wheels may be fixed ronnd the 
spindle-wheel, and being separately supplied, may each 
take its spiral course after the former, thus in propor- 
tion increasing the speed with which the round sack is 
formed. The diameters of the spindle- wheels, and 
resulting Eoek, may be from two inches to a hundred 
or more. The work is too rapid to be followed by 
the eye, yet almost noiseless, and is only interrapted 
by the breaking of a thread or a needle : and the 
prodnco of each head is astonishing. Brunei seems 
never to have put this invention to a profitable use, 
and bis biographer, Dr. Beomieh, says, "It npiiears 
not to have come into operation in this country." 
But BO far &um this being the case, it has mainly 
helped to revolutionize the hosiery trade everywhere. 
The round frame was first seen in Nottingham in 
1840, and attracted little notice. In 18i5 Mr. Peter 
Clanssen brongbt thither his patented improvement 
of it, capable of producing different patterns and 
using steel needles, and in 1847 ho patented the appa- 
ratus for winding up the web. But instead of re- 
quiring tribute for bis modifications only, be claimed 
it also for originality of principle. This was resisted, 
and be did not go to trial, taking in eonRcquBnce no 
profit by his undoubted improvements and their wondei^ 
ful results, though to him is owing the practical nee 
of this great invention of Brunei. Clanssen, ingenious 



but unfoitanate, overworked hiB bmm, which, added to 
his waot of pecaniarj snccess, drove him into Colney 
I' Hatch Aeylnin, where he paesed hie last years in much 
BidieerfiiliieBs and comfort, and died there in 1872. 
V An important alteration was made in the ronnd frame 
iy using wheels only, whether in supplying yarn, 
looping, pressing, of carrying the loops over the needle 
hnds. By the use of the tumbler needle, working in 
grooved cylinders, the raising them ap, feeding and 
sabacqaent processes, are all effected most accurately 
OD the needles thomaelves. This machine was adapted 
to prodaee Derby ribbed work, especially in colours, 
and of cotton and merino materials. A workman named 
Thompson made this ingenious and osofiil arrange- 
ment, and in 1853 Hine and Mnndella patented it. 
Haddens made fm^her improvements in it. Gist, an 
American citizen, patented a circular frame in which 
eight feeders could be worked instead of one ; and 
striped work of Kisteen colours was prodaced on a bead 
four inches diameter, making 350 ronads of loops, or 
a yard in length of vsb, in a minute. Females can 
mperintend these frames. 

Attenborongh constructed in 1S66 three kinds of 
oirctilar machines. One with three heads, each having 
ten feeders, revolving once in a second of time, produces 
96,000 loops every minute — equal to 600 square yards 
of web weekly ; another, a shirt frame, 5i inches in oir- 
cnmference, with thirty-two feeders, making ten revo- 
lutions, or 297,000 loops, ]>er minute. This requires 
100 lb. of yam daily, or ten tons a year. Its weekly pro- 
'ould cover 1000 square yards ; and one firm 
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Bends out a vaggDn-lood daily of tlieBe round webs 
up into Bliirts. Tbo tLird muuhiiie is n coarse gai 
also using e, tambler'needle, and produces a good 
tatioQ of Aberdeon liand-kuit bosierj. 

Mellor improvBd Claussen's frame by placing 
needles upright instead of horizontally, and 
on them outsido by an indented loop-wheel roller ; 
in 18i9, by placing another similar wheel to follow 
former, causing it to work more safely and S] 
In 1865 he brought ont a curious meclianical oombii 
tion, described as a circular and sclvaged IkrM- 
broad-ribbing frame, oouHidered highly creditable 
tbe constructor and profitable to the trade. 
BQppIy 320 dozens of rib tops weekly. 

The varied and beautiful articles produced irom 
wide and the circular plain and ribbing 
largely and constantly increasing the demand 
English hosiery. This necessarily reriuires an equii 
lent expanaiun in the supply of yarn Hpnn from cotton 
and animal wool. The factories and warehouses at 
Nottingham and Leicester have greatly increased in 
nnmhers, extent, and arehitectural beauty. The bonses 
for workpeople are gradually becoming more healthy 
and comfortable, bat not equal to what they onght to 
be when compared with the preseut rate of wages, and 
there is a marked improvement in the physical appear- 
anoe of the frame-work knitters and their families. 

One of the most peculiar features in the present state 
of flie hosiery manufacture, and whicli must not pass 
unnoticed, is the almost extinct condition of the silk 
branch of the manufacture. When waistcoats, 
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olotheg, Etockings, and glovea made of Bilk apon the 
Btockiug frame were fashionable, there were abont 7000 
machineB employed on them, anil the ayerage eaminga 
had been 18«. a week. In 1844 there were 756 frames 
making silk boee, and 698 making silk gluves in Derby- 
ehire; fi87 eilk hoeo, and 1407 glove frames in Notting- 
hamshire ; and 223 eleewhere : in all about 3770. In 
1866 they had been reduced to 185 (and with these 
only one apprentice, in Derbyshire), while scarcely 
limy silk goods were being tamed out at Nottingham. 
^Che introdaction of slight materials weighted with dye 
flta&, and change of fashions, have been the principal 
causes of this cessation in demand. 

la 1851 the returns of the British hosiery mann- 
fccture were computed to be 3,600,0O0Z., which in- 
^creased in 1862 to 6,480,OOOZ. The Nottingham 
'Obamber of Commerce reportc^d that in 1868 there 
.were more than 40,000 narrow hand-frames, the wages 
from which were from 6«. to 24». a week; ivido hand- 
irames, 16s. to 3iJb. weekly. Rotarios are from 40 to 
120 inches in width, and are worked in steam factories 
hours per week. Of these there wcro 1200, all 
idod by men earning from 20«. to 30s. {many now 
'cam up to 50s.), and there wore 1500'8eta of eiroular 
lieads employing 2000 to 2500 bands ; the men earning 
20a. to 36a (now op to 608.), and women 12k. to 20a. 
(now up to 25g.) weekly. There were tLen also 300 
w^rp machineB making hosiery in &ctories, in which 
youths and men earned from 16ft. to 35s. (now up to 
50*. a week). Tbe large fiui,her increase in power 
maohinea and in price of labour has brought up returns 
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1,800,000;. ; New York returns ^,500,000/., and New 
Jersey 300,000^. New England is Hkely to Burpftas 
them all. So far aa known, the total prodnution that 
jeax was about 4,500,0001., and the inauufautimirH are 
perfectly cognizant of and use our latuet improvements, 
as well as their own. 

Thh Maohine-wkotjght Laob Mamcfactohe. 

When entering upon the siibject of the fabrication of 1 
lace, it may be romorked that Nature herself has given f 
examples of exquisitely beautifnl and varied forms of i 
geometrical and floral networks. The former . 
revealed on the icy pavom.eiits and in the ano 
the latter strike the eye and the imagination, when 
looking on the elegant frottt-work which covers the 
■window-imnes in a winter's morning. Not less was 

£!aetem mind charmed with the intricate involn- 
iB assumed by the veins in the foliage of many 
ijAants — as exemplified, for inBtance, in the late-leaf of 
or. The reticulations of the caterpillar's 
lumfi and in the npidei''s web would early lead to ( 
:«fE()rte after imitation ; and these ideas ore etrongtli- 
itoed by the fact, that the kindred art of embroidery 

practised in Babylonia almost fi'om the Flood ; 

that ornamental network borders anil fringes are I 
of nearly equal antiquity. Early in the Christian e 
open cat-work lace was wrought almost all uvor Europe, 
and often of a really elaborate character. The art of 
Bulking lace by band on the pillow is said to have he 
\aowa before li'J5 in Flandei's, and at a. Asitet ^cYvod. 
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came to France and England. But it is more probable 
that Barbara, wife of Christopher Uttman, dwelling at 
the Castle of St. Annaberg, in Saxony, invented it 
in 1561, and taught it to the peasantry around; from 
whence it spread over all the adjacent countries. She 
died in 1575, aged sixty ; and the invention is recorded 
on her tomb. Plain laco net is made on the pillow as 
follows: threads are hung round it in front, each 
attached to a bobbin from which it is supplied, and 
acting as a weight. Each pair of adjacent threads is 
twisted three half turns, by passing the bobbins over 
each other. Then the twisted threads are separated 
and crossed over pins stuck on the front of the cushion 
in a row. The like twist is then made by every 
adjacent pair of threads not before twisted, whence the 
threads become united sideways in meshes. By 
repeating the process, the fabric gains the length 
and width required. Open and cloth' works, thick 
threadings, and pearlings are introduced, so as to effect 
all manner of intricate and beautiful designs ; but the 
methods are too varied and difficult for description. 
The inventors of lace machinery have studied these 
various processes, and at length succeeded in copying 
them all. Kefugees from Flanders brought pillow-lace 
making into Bedfordshire. 

A school was set up at Great Marlow in 1626 : and 
about 1650 the business was flourishing in the counties 
of Northampton, Buckingham, and Devon. In 1830, 
120,000 persons were employed upon it. 

In tracing the course by which lace made on the 
pillow has been mechanically imitated, it must be 



es^ldned that thin Las been gradnally effected by 
naiiig three very different classes of maehines — the 
looping hosiery, the warp, nod tbo twist-net. The 
firat of these was Lee's stocking frame, os affected by 
Strutt'e added machine, and modified by points (ticklers) 
acting on each needlo to remoye its loop, and place it 
upon the next one on either side, and so produce inter- 
eticea across the web. Thus, by first making tbo loops 
and then the open work, frame-looped net was pi-odnced 
by TroBt in 1764. Next, a spoon tickler, to cover two 
needles and remove two loops, was employed by Frost 
in 1769, making figured net. The twilling machine 
was amongst the first, on which these and still further 
modifications were made for producing net, hetween 
' 1760 and 1780, by Crano, Harvey, and Else in London, 
and Hammond, Lindley, Holmos, and Frost at Notting- 
ham. It has been said that Hammond first made 
bohbin-net and an imitation of cushion-lace, after 
seeing some on his wife's cap. By shifting loops 
Taiiottsly be made looped-net, but nothing more. Else 
and Harvey, in 1770, invented a further improvement 
called the pin machine. The net on all the abjve being 
e hy using one thread, it was liable to unrovo if 
i broken. The larger meshes and fine works 
I the web were now surrounded hy gimp-thread 
embroidery — the humble beginning of lace 
—giving employment to 150,000 females, until 
8 superseded by machines. Holmes, a stockinger, 
asaiGted hy Frost, arranged the " two plain" plan to 
)^^ imitate the sis-sided cushion mesh, by removing a loop 
^^Ktwo needlee to the right, and a loop Xa "Can fiuu^ iium. 



two needles to the left. By varied movemeBts of a 
ntck-buadle, patterns were made. Tliis was probably 
the first lac«-makiug frame ever arranged — yet Holmes 
died a jioor man. In 1777 Frost patented a mocbina 
for making s<iuare-net, baving fagl meshes, by altering 
tbo movements of the Derby rib-frame (one Tbompson, 
a descendant of one of Lee's joitfueymen, being the 
last who worked, about 1834, one of these frames). 
The same year a very ingenious machine was devised, 
using additions to Strutt's ribbing process, placed on 
his machine needle-bar ; and thus sis-sided meshes were 
formed. This net, when stiffened, looked like cushion- 
net ; when damp, it shrunk like crape. It was named 
single-press point-net, and was afterwards made fast 
and strong by adding one pressing more to each row ' 
of meshes, and then took the name of double-press net. 
Several clever workmen contributed to the constructiou 
of this frame. Flint, a jouruoyman etockinger, devised 
it, aided by Taylor, a frame-smith ; Sogers, a work- 
man, perfected it, and then Morris patented this, the 
point-net machine. Flint died in the Foor-houBS at 
Nottingham. Morris made a present of the patent to 
Hayno, his snccesaor in the lace-business. The demand 
was at first small ; but rose so rapidly for the double' 
press net, as to employ for years 1500 machines, each 
30 inches wide, at Nottingham. At length the making 
of the articles single press and of single yarn, under- 
mined their character and sale, and finally destroyed 
the moat sterling manufacture of lace ever produced 
from the stocking frame. 

Tho second deportment of machine- wrought lace is 






iBt miide on the warp frame — so called from tlie xtue 
ireads ; forming on them, longitudinally, 
looped Btit<;lies, like those on the Btocking frame. A 
aeries of guides, of the same number and gauge as this 
a the machine, with holea in their ends, were 
I bar near the heads of the needles. Above 
was a waip beam, having as many threads as there 
were needles, each thread passing through its guide. A 
part of the machine was so adapted as to form a loop libe 
that which buys make on a string. This alone would havt) 
pioductd only a, series of looped stringB, but by other 
movements a spring was ajiplied to each, removing the 
guides one needle to the right or loft at pleasure; and 
this being repeated in looping, the two nest and every 
• next loop was conjoined to its fellow. By this proceBs 
B solid web was produced, capable of being cut and 
sewa up, equally with cloth from warp-and-weft 
weaving looms. Indeed, no other machine is eu 
univei'sul in its products. Threads of all kinds may be 
used ; its speed is nneqaallod, as only each thread is 
looped with its neighbour, thns looping at ths same 
moment across the loom, say 150 inches in width. But 
the use of a warp thread to every needle introduced 
great facilities for varying the meshes which might be 
formed on this machine. In 17U5, a laco open work 
was made ; and soon afterwards, figured lace, in almost 
endless vaiiety of meghes and patterns, of durable 
quality and maxvellouH cheapncea. The lightest 
gossamer blond silk lace, cottim tattings and edgings, 
antimacassars and d'oyleys, threaded and pearled, are 
loom, and ore the pioneers of high 
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priced lace artiolcB throughout the world. In 1810 
there were 400 warp IciomB at work makiiig the lace 
called Mechlin net, aud neiug cotton yam costing fifteen 
guineas the Ih., and at four guineas a week wages. 
This article took for a time the place of point-net 
Tarratt, In 1804, greatly improved the warp machine, 
by setting it upright and using no sinkers. This 
ingenious man, who employed his taleuts on almost 
every kind of hosiery and lace frames, ended his usefnl 
life at a great age, in the Charterhonse at London. 

In 1791, Dftwson applied hia now universal ly known 
and improved methods to the conBtruction of wheela to 
be employed in working warp machines. For this pur- 
pose they were notched on the edge, and, in revolving, 
acted on bars by pressing horizontally on tbom. Afl 
these are forced back or allowed to appi-ooch, flie 
movement produces a figure in the wob which is being 
made. The principle is that which operated in the 
organ barrel in use before this, and Jncquard's apparatus, 
introduced at Lyons soon after. Dawson was a general 
mechanicion ; and by working frames at Nottingham 
realized some amount of money, but, unfortimately, 
squandered it away. On the expiration of the patent 
for bis invention, being refused its renewal, be destroyed 
himself. Dawson's wheels were used in 1807 byOrgill, 
in the warp frame, and spotting apparatus waa con- 
nected with it by Viiikors. Other improvements fi>r 
making two-courso silk not were made by Kirkland in 
1809, while in 1811 Morriaon, by putting in suitable 
wheels and dividing bars, produced silk blond, in 
making which workmen gained at £rst 10/. a week 



k 



mges. This article held an importaat position for the 
next forty yeara. Warp pearling was first made in 
1816, and continues in extensive use. 

About the year 1820, English silk net was very 
prejmiicially affecteil by the superior dress and finish of 
French goods, limiting the demand fur our artielea. 
The inyention by Heathceat, in 1809, of the bobbin- 
net machine, caoscd a still further lessened prodno- 
tion of warp goods for a timo ; and from that period 
until the present there has boon more or less rivalry 
between these kinds of laco articles. They are so 
m.nch alike, that in the event of fashion favouring 
one, it is often replaced by the other, and together 
they arc able to sup[ily the lace trade to the fullest 
amount and with the utmost celerity. The ma- 
chinery is gradually assimilating in width, cost, 
working hours, and power of production each to the 
other, and equally requires to be managed by highly- 
paid workmen ; the old warp frames being sot aside by 
rotarioB 100 to 150 inches in width. Clever workmen, 
such as Copestako, Boot, Eoborts, Bead, Hardy, and 
Herbert, Lave successively altered these machines. By 
1831 the warp -I ace trade had attained large dimensions, 
aaaistod by Queen Adelaide's public appearance in a 
dress of Nottingham white silk lace. In 1835, Street, 
Whitely, and Dunnington, made further improvements ; 
and the Jacquard was applied to it, 1839, by Draper, 
who produced warp-lace shawls, &c. The quantity got 
off a 5-1-inch, in 1830, was fifty square yards a week. 
Ball, in 1851, produced 1200 square yards weekly from 
p machine which he placed in the Eshibitioa. William 



Herbert, a fraiuo-work knitter, enlisted in i 

and fought at Bcrgen-op-Zoom ; but quitting it ^ 

1815, worked a warp frame. High wages and carefnl 
savings cnablt^d him to buy machines, and to make 
goods, by whiuh he gained largely, though times tUtered 
and his gains were dissipated. Then, by a single wftrp 
frame, ho realized 501. a week ; and gathering up a 
large sum, he emburked it again in maehinery. Another 
reverse come and deprived liini of alL Afterwards he 
made anch profits by working in a bobbin-net machine, 
that he became, for the third time, a rich man before 
he died. Whitely patented, in 1839, a partially 
traversing warp frame. Hemsley, in 1851 and 1854:, 
patented a perfect traverse and selvages. In 1855, 
Ball exhibited a double-looped beautiful taffeta, made 
on a circular warp frame — -simple, speedy, and pro- 
ductive, at reduced cost. In 1801, Gamble patented 
a warp frame, which, by shortening the motions, 
quickened the production ; it is, however, tou compli- 
cated to be described here. 

The third, and most difficult and important, class of 
lace-making machines remains to be described. It iB 
that which involved the problem, how by mechanism 
groat numbers of threads could be made to twist with 
or wrap round one another; and, when required, to 
traverse, mesh by mesh, through a part or the entire 
width of the frame. To solve this was the aim of 
ingenious frame-smiths, stocking weavers, and point-net 
hands, who longed for the high honour and certain 
profit of success. 

Hague attempted it in 1777, by using a horizontal 
w^p, and winding evetj otiiei Wiiea^ co. n. Vq^i^ ^riie 



to be passed under and over the next threads ; but he 
conld only get tltem half round, and ao fiiiJed. Tarratt, 
in 1780, having seen how cuehion-kce was made, tried 
to make twiet-net by using warp threads only, and 
fastened at both ends. On these he endeavoured to get 
a twist all round one of each two adj')ining threads, ' 
and then to pass those adjoining threads each round ita 
neighbouring thread, thus getting the crossingB, which 
he proposed to pass by bars and pins to the end of the 
threads, and so form meshes. He did not, however, 
efibat this result. The cfibit was made again at 
Croydon, by Moore, in 1799 ; and from time to time 
tiU 1816 by Nott, Frost, Hill, and Hart, at Nottingham. 
Prom 1816 to 1824, Widdowson worked a machine 
founded on Moore's plans at Croydon, but in which the | 
esact methods pursued are not known. There were 
threads put at one end on a beam, and all these throads 
were lifted over and passed under oacli other at the 
other end by pins, which being sufficiently loose to be 
selected, passed their threads in the required directions, I 
but not traversed, and the twists, plats, and crossings 
wero carried up to the work beam as they were formed. 
The result was a slowly-formed but beautiful mesh 
(Fig. 6), having two thrice-platted pillars of four threads 
each, and four twisted sides of two threads each. The 
plan was too costly to be used witii profit. 

In 179i, Frost used square bobbiua, sliding in 
grooves, with the warp ahifting sideivajs, right and left, 
to make twists with the moving bobbin threads, to be 
carried up by points and so make meshes ; but the 
plan could not be worked to advantage. Gtq«>i^ «,\A 
Simpson eadeavoured, in 1797, to maVa \io'^'ai.-^^^i 



but tbeir effort was a failure Intense, imreqmtcd sttidy 
brought Bjmrson in tho grave by brain fever , and he 
was soon after follovscd by Green from the like cause. 
Hayne, aiiionufactiircr,8nd Pindar, Potts and Elliott, 
all izum Nottingbam , and Palmer, a scientific moo at 
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Bingham, employed tbemselves, without aucccBS, in en- 
deavours to construct a twiBting-net machine. Robert 
Brown, a frame-work knitter, at Nottingham, patented, 
in 1802, a machine for producing fast-knotted fiebing 
nets. It wae a very ingenious one, taking a work 
beam and shuttle with other inEtrumeutB, bnt using 
them for new purposes. One of these, called a sinker, 
carried a bobbin from which the thread was given oS, 
and was held in its place by a spring to keep the 
thread tight. It was the old weaver's shuttle, roduced 
into as thin shape and compass as possible at that 
time. About this shuttle some question afterwards 
arose. Lindley, Whittaker, Hood, and Thompson, all 
practical mecbanics, each laid claim to its invention. 
BrowB patented, in 1804, a Vandyke web-knitting 
^nane, bnt it woe, I 
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fell into poverty, beoame iasone, and attempted self- 
destruction. For some years he receiTed 12g. weekly 
from a trade fimd ; but afterwardM waa left to pine 
away in gloomy melauulioly, and died in 1818. His 
Bon, Alfred Brown, has put together a very complex 
machine, which seems capable of producing intricate 
comhinationB of threads ; but his talents are employed 
under most luifavourable circimtstances. 

Whittakei attempted, in 1805, to constnict an appa- 
ratus to make twisted and traversed net, and his in- 
struments are known by a still existing sketch. He 
woimd the threads on bobbins which revolved in cases, 
placed in combs ; those ho raised and lowerod singly 
by hand, passing each thread round its neighbour, and 
pushing up the twist hy hand ; but in crossing, the 
bobbins fell out of their places. It is not known that 
he made any net at all. Though uneducated, Whit- 
taker possessed mechanical talent ; but intemperate 
habits caused him to be uncertain in what he under- 
took, and placed him in the distressing circumBtanoes 
in which (prior to 1915) ho died. Hood, a hosier, had 
supplied money to Whittakcr, whose materials were 
given to Charles Hood, a setter-up, a clear-headed but 
dissipated man, who declared thom useless, and en- 
deavoiu'ed to construct a machine on a method of his 
own. In this a twist and crossing were made, but no 
traverse was obtained. He made twenty yards of net 
in length and niao inches in breadth, on the two 
frames which he constructed. He then laid them aside 
for want of funds. The failure of so many men, dis- 
^^bjngnished for their ingenuity and misfortnnos, did not 
^Beetroj oU hopes of Bueceas, ttion^ ftiota -wWi \ti- 
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dulged them were uauallj claeeod witli ' 
soeking after the " porpetual motion." 
after, tliat unotlier haodicraftHniiLn entered npon, i 
accomplisliod, the task that had baffleil so many others, 
and thus laid the founilatiun of the bobbin-uet maan- 
faoturo, destined to become a higlily beseficial i 
important branch of national indastry. 

John Heathcoat was the son of Francis Hoathoc 
living at Duffield, near Derby, and was bom there i 
178iJ. His fatiior was a small farmer, much esteemed 
for his worth and amiable dcnioanonr. Soon after the 
birth of this his yomigor son, the father was stricken 
with total blindness, causing him to remove, in 1790, to 
Long-Whatton, and afterwards to Loughborough. He 
beeamo an owner of warp frames, and his life was pro- 
longed there in comfort to an advanced age. His son 
received his education from a neighbouring school- 
master, who was surprised at the quick acquisition of 
knowledge by young Heathcoat. who united tbonght- 
fiil intelligence with a quiet deportment. Ho read 
much, and laid up a store of facta in history and 
BCienee, which he used in after-life with accuracy and 
practical advantage. Early placed in the hosiery 
manufacture, this was exchanged for apprenticeship with 
a frame-smith at Long-Whatton, where he learned to 
handle tools, while he obtained an iutimate acquaint- 
ance with the hosiery and warp frames ; and the latter 
he soon improved. At the age of aiiteea he conceived 
the idea of constructing a machine to make lace. 
Beferring to this afterwards, ho said, " I was working 
for my bread, and I tried to invent." Ho felt the 



importance of self-help, weighing and accepting tlie 
responsibilities attendant on hie Etation in life. Ap- 
pealing to the Lord Chancellor ftfterwards, for protec- 
tion ngainat infringements of his patent, he said, "I 
had originally no property, and have risen entirely by 
Djy own ingenuity and industry," As at that time, 180i, 
the most ditBcult and beat-paid work in the oonatnio- 
tion of machinery was to be obtained at Nottingham, 
he, on the conclusion of his apprenticeship, proceeded 
thither, and became a journeyman to Elliott, a well- 
known, skilful mechanician, at S0«. weekly earnings, 
raised shortly after to three guineas. There, artisans 
used to talk abont machinery for making real lace ; and 
Elliott said, " Heathcoat showed that he hail already 
attained to a thorough knowledge of mechanical con- 
trivances ; was inventive and pei'severing ; undaunted 
by difficulty or mistakes, and consequent ill-suooess ; 
patient, solf-dcnying, and very taciturn. But he ex- 
pressed surprising confidence, that by tlie application 
of mechanical principles to the construction of even a 
twist-net machine, his efforts would bo crowned with 
success." Ho seems to have devised and eieented his 
projects without any counaellor or co-worker what- 
ever. 

He purchased Elliott's tools and goodwill of the 
business, and thus obtained the highest romuneration 
of a setter-up at that time. About the same year 
he married Ann, daughter of William Caldwell, of 
Hatliern, who made him an energetic, intelligent, and 
eioelleut wife. Being fully determined, if posaible, 
L.to realize the construction of a machine for iiiakm% 



twisted and traversed net, lie removed to Hathem, 
where he could aeuure priv&cj ajid quiet, aud also 
the sight, from duy to Hay, of lace makin g on the 
pillow, by a Northamjitonsliire woman, wife of a joui- 
nefman living there. In 1805, Heathcoat removed to 
Loughborough, where "Whittakcr had failed entirely, 
and Hood only pnitially approBched bucwbb, in at- 
tempting to construct a twisting but not a traversing 
lace frame. During the interval between 1805 and 
1808, ho perfected his firnt machine, making not npon 
it and patenting it. His workmen had seon that it 
was not a warp frame ; thougli it was not until it was 
completed that the mystery was cleared up. It was a 
horizontal machine, and by a semicircular arrangement 
of threads, instrumcDts, and their movements, the pro- 
ductiun was effected of a breadth of twisted and tra^ 
versed net ; but only about three inches wide. The 
motions were telorably rapid, yet the strip of net was 
so narrow, that if a wide surface were required, it 
wonld bo necessary to join breadths together, which 
would lower the value of the article. This " mecha- 
nical pillow," " the most esti'aordiaary machine ever 
invented," as it was afterwards pronounced to bo by 
Serjeant Copley (Lord Lyndhurst), was at once laid 
aside, and broken up, and Heathcoat patented, in 1809, 
his second machine ; which, beside producing greater 
breadth of net, possessed many other important ad- 
vantages. 

In this invention the conrse of thought seems to 
have been as follows : — Cushion-made net had half 
the threads proceeding in wavy lines from end to end 



thieadi 
■jO effe 

^Phreodi 



the piece, and may be repreBonted by warp threads, 
other threads lying between the former pass from 
side to aide by an oblique course to the right and 
left, and may be called weft threads. If the warp 
threads could move relatively to the weft threads so as 
effect the twisting and crossing, but without de- 
iting to the right or left hand, and if the weft 
could bo placed so that all of them shoidd 
efiiect the twisting at tho same time, and one htilf of 
them ahuuld proceed at each operation to the left and 
the other lialf to the right baud (a substituto being 
also provided for the cushion pins}, lace would be 
made exactly as it is on the cushion, but with great 
advantage ua to speed and cost. Tho patented ma- 
chine by which Heathcoat secured these results had 
two rollers. The lower was tho warp beam (Fig. 6, C), 
on whieh the longitudinal warp threads are wound. 
These threads are divided into two parts ; each set 
composed of every other thread, and kept apart by 
pasising throngh upright guides (F F, Fig. 7) placed at 
equal dislaucoa apart from each other, and keeping the 
threads laterally at equal distances. They then pro- 
ceed to tho upper roller (D, Fig. 7), tho work beam, 
to which they aro tied. Each act of warp threads is 
kpable of motion to the right aud left. The bobbins 
;es in which the traverso threads are 
!ed for conveyance to and fro will be easily under- 
by FigB. 8, 9, 10, and G G, Fig. 7, in the section 
a circular machine. 

The bobhiue, when in their carriages, and filled 
ith thread, are placed in a row midway between the 
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two beams (Fig. 11, E ; and Fig. 7, G G and E E), 
BO that tbcir threads may arrange coUaterallf with 
thoBo from tbo lowoc beam. The bobbins contaip 

SECTION or CmcLiAB Uacuikg. 




Kg. 7. 

Space between their sides, into which the diagonal 
threads are wound (Fig. 8), and arc held by spring / 
in carriage, as in Fig. 9. 

Two bars uie placed to the front and two to the 



back of the threads, reaching from one side of the rows 
' threads to the other, and equal iu length to the 
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phole breadth of the lace. These bars are each divided 
Kg. 11, K) into a number of grooyea (corahs), rmrning 
t right angles to their length, and 
) formed and placed in 
kok and front of the threads as to 
rcamference (E K, 
;. 7) of a circle. When the cai;- 
I containing the bobbins are 
0OVG8, they are not 
only kept at equal distances latet- 
allj, hut thej can be made to oscil- 
late along the grooves, through the longitudinal beam 
ids, by levers called abifting bars, which hang in 
e centre of the circle, in the circumference of which 
I (comb) bars are phwed (K K, Fig. 7). 
e called conducting bote. 




I'ig. 10. 



Tbo bobbins are paEscd Lolf-way tbrongh tbo tbreods 
by one of the aliiftiug bars, and received on tbe other 




side by another eimilar bar. The twisting of e 
of the threada round one another Ib performed thas ; — 
When the shifting harn have paBEed the diagonal thread 
bobbins and carriBgcs tbrongh the warp threads, the 
comb bar that receives them on the other eidc has a 
lateral motion given to it, eqnal to the space between 
two threads. If then the bohbins be brought back on 
the contrary aide of each warp thread, each diagonal 
thread will have made one twist with a longitudinal 
thread. If now tbo front cumb bar (Fig. 7, K) be 
moved laterally, till each bobbin Ktuuds opposite to the 
apace from which it first Btarted, and the threads be 
again passed through to the back, and brought again to 
the front on the other side of eaeh longitudinal thread, 
the threads will Lave been twice twisted. Previoualy 
to the twistingB, one half of the diagonal or bobbin 
threads must be moved to the right and the other to 
the loft, by which the eroBsing of these threads ia 
effected by the instrumentality of pins (points) equal in 
number to the diagonal threads, placed in a bar at eqnal 
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These point bars (L L, Fig. 7) aad points 
] made to move backwards tttid forwards on 
on axis with pivots, so that they can pass freely between 
the threads, and be withdrawn at pleasure. Previona 
to crossing, every other bobbin ia so moved as to form 
one distinct tow, and thus tsfo distinct rows of the 
whole, one being a little behind the other. The pointa 
{NN, Fig, 7) are made to enter the second row; then they 
receive a lateral motion, till the points are opposite to 
one division farther to the left of the second row. The 
points are now advanced through the first row. The 
effect is, that the right side of tho threads of the first 
row is in contact with the left aide of each pin, while 
the left sida of the second row of threads is contiguons 
to the right side of each pin ; thus the diagonal threads 
are crossed. This has prepared them for again twisting 
with their contiguous warp threads. Tho twists and 
orofises are carried by the points, and suitable move- 
ments of the point bars, to the work beam (D, Fig. 7). 
The twisting with the warp threads, and traversing of 
the bobbin threads from side to side of the piece of net, 
give the soundness and durable quality desired in loce ; 
for it could not, as thus made, rove out if one or more 
tlireads were broken. On the formation of each row of 
meshes, the diagonal bobbins and carriages moving to 
the right will, of necessity, make the end of that row 
one carriage and bobbin too many, at the right hand ; 
id at the left hand one Ijobbin and carriage too few 
it the row moving to the left will have a reverse 
iluB carriage too much at one end, and too few at 
ijhe other end of the row. By an ingenious contrivance 
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called a tunrngaiii, tlie maohine miikes a transfer of 
thoee carrtng«e to the Inaking end, tiack and front, tLos 
TeBtoring the full eet. B; this, tbongh each bobbin and 
carriage of tbo entire Hets changes its place every series 
of meshes in width of the mochine, their diagonal cooree 
is unbroken from end to end of tlie piece, 

Eeathcoat showed remarkable decision of character 
when be threw aside so beautiful a machine as that 
patented in 1808, because of its confined powers, though 
perfect in its product, and invented odo on a new 
principle, and increasing the production over the pillow- 
worker a thousandfold. The warp beam and points 
of the first frame are the only porta used by liim in the 
second, in a like manner. No model or actual machine 
or combination cf parts used in Hentbceat's second 
patent had previously been put together, nor had any 
plan been devised whereby not twisted and traversed 
from side to side could he made on any machines 
besides his own. The courses of the threads composing 
the six-sided meshes of the bobbin-net frame may he 
easily seen in Fig. 12, whcro the twists are tiaced, uid 
where they are shown in the process; and when taken 
off and extended to their proper shape, as in Fig. 13. 

Thus was this extraordinary apparatus devised and 
constructed by the self-directed talents and unaided 
mechanical skill of Heatbeoat. In accomplishing the 
task, he met with such difBcnlties as led him long after 
to say, that '^ if it wore to be done again, he should 
probably not attempt to overcome tliom." The second 
patent was taken out when he was only tivonty-Bix years 
of age, a fact that may advantageously act as a etimuluB 



to young men in any rank of life ; inaamueli as this 
iuTOutioii was ooe of the most intricate and valnable 
ever brought into use. M. Aubrey, au escellent judge, 
says, " The net made by it is tho king of tissnee, and is 
a perfect imitation of the pillow mesh," 
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The preliminary outlay on these patents \ 
u to require other aid, Mr. Seddon at first, and then 
Boden, assisting. At length Mr. Lacey, a . 
fottingham point-not manufacturer (taking lUe, ^"W»; 
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of Mr. Fiehor, on eminent London dealer in laoe), 
beoamo Huathcottfa partner, sharing with him tha 
prufitti from tlie patent and goods mode by the firm 
upon, ere lung, fifty-five mooliinea. The claim to the 
invention of a niauUine whose productive powers and 
consequent profits were very great was not likely to 
pass nniiuestioned. 

The point as to originality was early pttt in course 
for legal decision. The opinion of Brunei, in which 
Forey, Nicholson, Sylvester, and other civil engineers 
coincided, adopted by Sir V. Gibbs, and ratified by tiia 
jnry was, "that when Heathcoat had separated ono-half 
the threads, placing them on the beam as warp threads, 
and miide the bobbins, which carried the other threads, 
to act between and around those warp threada, so as to 
produce Buckiugluunshire pillow-loce, the lace machine 
was invented." Among the first and most important 
infringers was John Brown, who took out a patent in 
1811 fop a machine called, from its contrary aiTaoge- 
ment, a traverse icarp, Heatlicoat'a being a traverse 
boWn'n machine. This was a very clever reversal of 
the original, and is the more remarkable for the short 
interval that hod elupeod since the date of Hoath- 
coat's patent. There are the same instrumeuts and 
the some methods to produce the like results, except 
that the bobbins suppHed the longitudinal threads and 
the warp beam those threods which performed the 
diagonal traversing movements. The warp beam was 
also placed above, tho work beam below. Brown and 
his partners, Kunn and Freeman, brought an action 
against Moore and Co., who hod, marvellous to relate 
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construoted in 1812 a foc-aiiaile of thoir maclime 
without seeing it, and went to trial upon it in 181G. 
From an eiroi in leaving out a line in the engrossing 
of Heathcoftt's patent, he had been adTieed not to try 
its validity at common law ; but it was now shown that 
both these litigants were infringeia of his patent, and 
that his I'ight to it was unquestiDiifthlo, The coat of 
this litigation to the jilaintifie woa more than lO.OOOL, 
and to the defendants 4000^. On this trial Sorieant 
Copley worked Heothcoat's machine correctly and ex- 
plained it fully, to the Burprise of judge, bar, jury, and 
Bpeetators; and his masterly conduct of the defence 
bad aa important bearing npon the learned connaal's 
future career. After this ti-ial, all the infringers paid 
royalty to Heathcoat until the expiration of the patent 
in 1833. It is but justice to John Brown to odd that 
to make the warp threads traverse instead of the 
bobbin threads, was a proof of great constructive 
genius, and shows a surprising aptitude in overcoming 
meehauical difficulties on the part of an ostraordinary 
workman, Mr, Bahbage pronounced this machine to 
be a most interesting study, after a two hours' close 
examination of it in 1833. It was largely employed, 
not only at Nottingham, until eujterseded by the 
Levers' improvements, but very profitably at Worcester 
and the Isle of Wight ; by Brown and Freeman at 
the former place, and Nunn at the latter. Each of 
the three became very rich, yet the two -first wore 
originally point-net journeymen. In 1833 Nunn put 
this mocbinery to make an imitation of French white 
D Mik pillow-locc, called " Neigo," in which the re- 
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semblance to real Itice weis bo close tliat 80,000'. profit 
was made by Liin from the sale of tliis article alone. 

Betumiag to Hcathcoat and the course that he and 
others were pursuing in efforts to improve his machine, 
he himself in 1S13 patented a method fur producing 
perfect selvages in the narrow breadths, into which 
the web of the mnchine was now often divided. This 
was done by working in between them lacing threads 
that could be withdrawn. The number of movements 
necessorj' to making a row of meshes was reduced by 
him and the combined skill of three workmen, Braley, 
Honson, and Brooks, and still further by Greenwood, 
whose plan failed irom its delicacy, though an ingenious 
one. After the long course of stocking-frame bi'caking, 
described in the former paper, a cessation of Luddisui 
ensued until June, 1816, when ninctoea lace niachineB 
were destroyed in tho shops of Wright and Mullen, 
and fifty-fivo more in the factory of Heotlicoat and Co., 
at Loughborough. A werkman was fired at, and 
Towle, who had previously been acquitted of &ame 
breaking, was now convicted, as also Diggle, of gltooting 
with intention to kill, and were executed. Finally, out 
of eight of the men who conspired in the attack on 
Heathcoat's factory, six were convicted and hung at 
Leicester, and two transported for life. Two of the 
most active leaders of tlie Luddites, to save their own 
lives, gave evidence against them, and deposed that 
100/. was to be paid for " the job " to tho seventeen 
men tuld off to perform it. On a legal inquiry into 
Heathcoat's loss it was assessed at 10,OOOZ., to be paid 
if he would re-espend it in the county. lie refused 
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! money. He at once 
t TiTerton, and there, driven by 
tbe Exo and Etcam, 200 to 300 maclimee have been 
worked up to the present time, the wages and profits 
on which, together with about 400 more in the West of 
England, Iibto been lost to Leicefiterehire for half a 
century. 

In 1817 Lindley also applied rotary steam power to 
his bobbin-net machinery, which eonBisted of a ruin- 
ously expensive ])atented modifieation and union of 
levers and traverse warp frames. 

The roBulta of the events that caused Henthcoat's 
removal to Tiverton proved highly favourable to his 
interests. He constructed his new frames of increased 
width and speed, and by applying rotary power lessened 
the cost of his production. At this time he patented 
a rotary self-narrowing stocking frame, thus forestall- 
ing the efforts put forth since 1845. In 181G ho put 
gimp and other ornamental threads into bobbin-net, 
by mechaniciil aJjustments. His workmen nuw had 
only the labour of controlling and supplying the 
machines with materials, and in this he was soon 
imitated by the principal infringers. Though their 
prodnction, added to his, obliged him to reduce his 
iioges from time to time, yet the greater part of his 
hands, having gone with him to Tiverton, continued 
and prospered in his employment, till they were 
removed by easy circumstonceB, age, or death. They 
have been described by an eminent foreign visitor as 

t little world of workpeople, who loved their om- 

)yer like a father." 
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In 181S tliiare were 696 liceoces graatod for machinH 
produciDg tibout 10,0001. a year. 

Eeatbcutit bad 117 machinos; Lacj, Dow eeparated 
from him, 127 ; in all there were 970, and the quantity 
of bobbin-uot mode from them rapidly lowered its 
price. The jiateDteea and theit licencees agreed, by k 
deed in 1819, to present the constrnction of more 
machinery; the prices at uete were to be regnlated 
by a committee chosen from large and email owners of 
frames ; these being then from 3 quarters to 8 quarters 
in width. Some journeymen bad earned, in 1812, frvm 
6i. tolSi. a week;in 1815,ftom 6/. to8i.; in 1818, 3i. 
Wages fell in 1824 to 21. weekly. Wages and prices 
of goods were paid at so mncb per rack ; which oou- 
sistB of 240 meshes in length of tlio web. The same 
is derived from a circular wheel, one tooth in which is 
moved forward in every row of meshes that is made. 

In 1817, joumoymeii received 1«. per rack for each 
nine inches in width of the machine ; in 1620, id. ; in 
1824, 2d. The masters received in sale of the nets, 
5g., Is., and &d. respectively. In 1823, 1008 machines 
were paid for under the expiring patent licences, and 
it was proposed, that when the supply of net exceeded 
the demand, a stint of hours for labour should be 
enforeed in future. 

fioden, who had been Heatbcoat's partner since 1816, 
quitted the Tiverton busincsa in 1821, and became 
partner with Grace. This connection being soon 
closed, Bodon joined Morley, a clever mechanic, and 
laid the foundation of a business at Derby, in which 
170 wide and escoUent rotary machines were ooa* 
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Icted by Morley, and which have exercised great 
i the trade. Bodon's family having many 
»rs after purchased Morley'e interoet in the proi>erty 
r the firm (for, it is stated, 70,000i.), carry on the 
tonufacture, which is chiefly of plain nets. 
Heathcoat continued to show unwearied energy in 
employing hia meohouieal skill. In 1824 he took out 
patents on the following matters : — For ornttmeiiting 
liobbin-net on the machine ; for stamping out discs for 
the carriages of bohhins, eiuce generally practised ; for 
eg[Ualizing the size and shape of meshes in hobhin- 
net ; for an improved arrangement and oversight of 
machinery in faotorieB ; for better winding yam into 
s cop ; and for reeling cocoons, so as at once to 
twiBt the threads into thrown-silk. In 1825, for 
doubling silk threads as they are reeled from cocoouh ; 
and for reeling raw silk evenly from any number of 
cocoons, as exemplified in a filatnre of thirty basins at 
Tiverton, where, in the same year, 35,000 lb, of cocoons 
were reeled into 3500 lb. of fifteun cocoon thread, 
which was so even as to bo worked up there into excel- 
lent silk bobbin-net. Later on, for a method of using 
additional locking bars and cams in lace machines; 
and for pearling and othorwiao ornamenting net. In 
18S1, by adding warp needles and guides to the bobhin- 
net frame, to produce a fabric componed of twisted and 
looped work. In 1832, for farther omamenting laoe 
web ; and in 1833, for passing threads aeroas the 
warp at the tops of net meshes, aa to form cloth- 
Work finings. In 1835, for an adaptation of the net 
RoBchinory to make plain or fancy ribbons, by weaving 



thom at right angloa to tlie ends, and from tlie book 
and frunt of tho &ame. The ribbons stand odgewiso and 
pATKlIel to each othor. The ahnttlcs and bubbine are 
tilled with weft thread, governed by springs, from back 
to front, and vice vcr»ii. There is a set of warp threads 
for eaoU ribbon, paaeing through treddles and slaies, 
which olenr the waj for them. The ribbons pass fiat, 
side by side, upon the work roller. In 1843, be took 
out a final patent for intercepting warp threads, in- 
oluding a method for making longitudinal cloth-work 
BtrtpuB in nets. After this date, Olr. Heatbcoat retired 
tnva tho mechanical pursuits which had so long occu- 
pied him. 

He had long entertained the idea ihaX most of the 
manual druiigery of human affairs could be performed 
b^ inanimate motive power. Having become acquainted 
with Mr, Hondlcj, M.P,, their united ideas resulted in 
the oonstruotion, and patenting, of a eteam plough by 
BIr. HoathooKt, in 1$3% for a time believed to be the 
moat perfect ouo. Tho hope was, hj it to assist in the 
agricultural improvomeut of Ireland. 

Tho iutruduotion of the Uce business into Tiverton 
had r^evwl the phwe from the eSucts of tho almost 
entire extinction of its auoient manufacture. The lace 
feotory employed 1900 hands up to 1S36. sinoe in- 
(UMsed to about 2000. Mr. Hettthcuat was elected 
in 1833 h.1 n<pi«seut the plow m PatUoment, twen^ 
yoais only after he ceased to handlo the hammer and 
the &I^ and he retjuned the seat tUl 1860. Ho seldom 
KddnsBed the Uouse, but was etuiuently ossfnl in com- 
HiA wUoague. Lord Pahuereton, paid a 



hi^ 



rate to Ma patriotic and independent course, on hia 
rement. He ahowed IiIb desire for the education 
of the people by building noble schoolrooms, at the 
opening of which his address was characterized by its 
simplicity and moral elevation, Hia useful life tenai- 
nated January, 18C1; and he was huried at TiTert6ii, 
amidst a universal expression of respect and regret. 
" Hie upright conduct, love of truth, and ardent 
attachment to the interests of mankind, endeared him 
to those amongst whom he lived." Hia invention 
laid the foundation for a business which has, within 
sixty years, mainly contributed to quintuple the popu- 
lation of Nottingham aud its suburbs, directly or 
indirectly giving constant employment to 150,000 
^_^orkpeop1e. 

^^a A process was devised and patented hy Mr. S. Hall, 

^^Br passing cotton hobbin-net, stretched out to its full 

^Bnidth, through gas flames, and bo to singe off the. super' 

fluous fibres ; and by this he cleared at least 50,0002. 

received from the twist-net trade. 

^^ A change in Heatheoat's machine was made in 1812 

^^w Clark and Mart, in which every bobbin and carriage 

^^■Bs operated upon by an independent pnsher, so as to 

^Entnse it to pass in any desired direction. Further 

improvements were made by the patentee and several 

other clever artisans in succession, prior to 18iO, 

resulting in cloth works in nets to be afterwards em- 

piidered by liaad for shawls, &e. Amongst those 

e the " Pusher " frames, on one of which Mr. Miller 

, in 1828, pearlingB for the first time. But the 

important alterations ever made in the internal 



armngements of the patent invention, was in the year 
1813, by Jolm Levers, wlio had been engaged in con- 
fltrneting point-net and warp machinea at Nottingham. 
His plan tvaa to enable him to control each and every 
individuiLl inBtvimient at will ; and instead of dividing 
the bobbins and carriages into two sets or tiers, to place 
them, when working baekwarde and forwards, in one 
tier (Fig, 14), By doabling their number in the same 
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apace, they require to be of half the thickness, while 
the combs in which they work are eqnally doubled in 
nninber and reduced in space. The general construotion 
of the machine must be free from vibration, perfectly 
smooth, and accurate in the finish and action of nil its 
mnltitudinouB parts. Twenty to thirty carriages and 
bobbiuB are required to pass easily and very rapidly 
in eai;h inch of width through their combs. In obtaiil'J 



ing this eitraordinary perfection of wotkmanBhip, 
Levera was ably Beconded by liie relatiye Thompson, 
an excellent and far-famed worker in metals and wood. 
He did not eee tbe machine until it was supplied with 
B warp, and his bobbins and carriages with yarn ; and 
then net was made upon it without fuitber trouble or 
delay. This man's perfect aaccess in the nicety of 
finish given to these bobbins and carrioges added 
greatly to hia celebrity. He shoned others tbe way to 
fortone, but know not how to hnsbnnd the ample 
resources which he could command by his own talents. 
Levers' first machine was 18 inches wide, soon to be 
widened by him to 54 inches, while in 1873 many 
were 200 inches in width. The workmen received 51. 
weekly wages for years, and tbe muster's profits were 
great, Stevenson furnished fands fur constructing the 
mochinea for a time. Levei* having placod bia ad- 
mirable adaptation of the frame under the protecting 
care of this house in the laoe trade, who could promote 
the estoaded use of tbe article mode upon it, prosperity 
and wealth lay before this able mechanician, but for 
Bome unknown reason tbe aid from Stevenson was 
suddenly withdrawn, and Levers' position was much 
[ filtered for the worse. He was employed almost alone, 
I in an ohscure upper room, in making those machines 
( for others, tbe profits on which be ought to have very 
I largely shared, by working them on hia own account. 
' He was a kind-hearted man, and fond of company, but 
irregular in attention to business. He was fully con- 
Bcious that tbe machine be bad modified was so mucb 
i improved as to bo only in tbe infancy of its use, 
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becanBe of the facility it gave for alterations i 
kinda of work prodaced from it, and it i§ to be regrettod 
that he di<I not obtain a fair ebare of the peRuniaiy 
adfantages realized from hie eicollent arrangement of 
the lace machine. After a short connection with 
Mr. Fisher, he went, in 1821, to Grand Conronne, near 
Rouen, where he constructed some machines for M. 
Laforte, hj whom and others he was much respected, 
and ho died there in 184S. A nephew, also named \ 
John Lovers, constiacted machinery on his nnclaffffl 
plan, save that they were not horizontal, but uprighl^g 
as they continue to be built ; by these he gained 7000J.,.r 
but losing it during a reverse of trade, never looted npl 
afterwards. 

The Levers machine, when fully prepared for 
making ornamental lace breadths, must admit of alter- 
ations in meshea, fine works, thick threading, and 
pearling ; to effect which, adequate additions are now 
(1878J made to the original frame, e. g. IGO iop bar^.H 
400 or:600 bottom bars, 60 or 100 threading beam^f 
and a Jacquard machine to govern the whole, 
maybe also GO to 500 exceedingly thin perforated steel. I 
bars, each guiding its complement of threads to riglit.ff 
or left, as the Jucq^uard cards may direct, by 80 to lOfj^ 
movements per minute, of course too quick for the ey»i 
to follow. Its power of production will oppear by thfl 'I 
following instnoce: A machine, 144 inches 
making inch-wide guipure silk edgings, made 2000 1 
dozen yards in a week, selling for Is. ^d, a dozen, or A 
275/. ; which, allowing deductions, gives an anniiat | 
return of 13,0001, from this single machine. 



^H It will be convenient here to state the modifications 

^^%i the Levers frame op to 1840. In 182i, Bertie 

^KsiBde Bome selvaged breadths on it ; in 1827 Barnes 

^fcoonstriicted a Levers traverse warp machine ; in 1829 

^P'Sailey made a TOtary Levers frame; in 1831 Suinner 

patented a hullet-hole on it, giving employment to 600 

machines; and in 1831 Bertie patented the looping to 

the bobbin threads of every other warp thread at the 

olose of the mesh, thus making four twisted pillars and 

looped closinga of the mesh, a plan much used for a 

time. Besides this. Frost's "fender" net, after lying 

i dormant forty years, had been again very largely made. 
Water or steam, rotary power having bogun to take 
fiie place of band labour, lac« machines rapidly in- 
ereased in numbers, width, and speed, as liberation 
from the patent approached in 1823. Capital flowed 
jmto the business of moohinery construction &om 
men of all ranks and professions in and around Not- 
tin^iam. That already at work sold for thrice its 
cost, mechanics came in numbers to obtain the wonder- 
_,fol wages offered, strikers at a forge got hi. to 10^ a 
aek, engineers and tool makers arrived from distant 
Dwellings could not be had, and building 
round sold for 4000?, an acre. Thousands of poundfi 
9 paid in wages to men who had not seen a twist 
Vmochine, and tens of thousands were forthcoming (foi 
Yt, time) for machinery that conld never repay the 
ontlay. There was a maniacal thirst for gain — " a 
twist-net fever." 

/ Those who actually wrought in the machines, if 

jj^BMovident, realized large sums ; and not a few bought 



tho macliines ia whicli thojr worked, and became their 
own maetors. Improvident mcu rodo to tbeir work, 
drinking port and claret by tlie way, and were see 
yenra afterwards receiving pttriah pay, while some a 
dent but unEuccessfat mechanics become insane. Whev J 
the natiouul frenzy of 1825 collapsed, the effect of tl 
local inflation was fearful. Yisione of wealth v 
onoe dissipated ; many in and ont of the trade faB 
into poverty, or became exiles, and some destroye 



The 970 machines in 1820 had beoome 24G9 i 
1825, and 8842 in 1829. The latter were owned I 
about 1300 persona — all of whom, except eight, had 
once been ortisaus. The million sterling which their 
&amo« hiul oost was the result of savings. The value 
of machinery and the price of bobbin-net fell with 
great rapidity. A reduction of working hours from 
twenty to twelve was adopted by Beven-oighths of the 
trade, which in twelve months raised the value of 
nets about twenty per cent. But many machines 
being found in course of constmction, the makers of 
net at Nottingham returned to twenty hours, as at 
present, working by shifts, though in the west they 
have continued to work single-handed ten hours a 
day. In ISSl the uiunber of machines 1 
4500— making a return of 3,417,000/. that year, i 
had inoieosol in 18S3 to 5000, thoagh with a 
of only 2,500,0001. Sis hundred had been sold for o 
iron. Wages had fullou to 15«. a vreek, and net was si 
at 6(1. a square yard. In 183G tlio number was redaoed j 
to 3800, and thv returns to 2,200,000/. Four hundi 



of one macliine eacli Lad aow disuippeared. 
This diEtrossing state of the plnia-net trade hastened 
the nse of the Jocquard for the ptgduction of fiuicy 
goods. The depreciations in wagce and valuo of pro- 
ducts are well esemplified by the following narra- 
tive:— "Wheiitley and Co., of Chard, lost by a fire in 1825 
their machinery, valued at 40,000/. They replaced it 
by seventy-two 12-qnaiter frames, which covered their 
loae by the first year's work. Kisto, once a workman 
rand then a partner, stated in 1838 that be had himself 
"■teceived 268. for making a yard of not, which sold for 
K. In 183G a yard of the some qnnjity would cost 
for labour ono fitrthing, and was selling in the Not- 
tingham ti'ade for id. 

The plain bobbin-net manufacture was depressed in 
1840, and still more in 1845, when good machinery 
was sold at one-twentieth of the price paid for its con- 
Btmction. A national trade panic occurred in 1848, 
eansing further loss in this branch of the Nottingham 
trade. The amount of plain-net machinery employed 
in it has declined, until at the present time (1873) it 
does not produce a fourth part of the total returns of 
the business, and this may probably be its jiroportion 
for a long time to come. 

To this, bobbin-net lace ornamented by the mnchino 
hm, on the contrary, presented a striking controBt, the 
coni^G of which it is necessaiy now to trace. 

Tarratt and James Sneath, Nottingham, frame-smiths 
and good mechanics, had assisted Broivu and Freeman 
in consttacting the warp-net frame. Sneath, after 
helping Moore with his platting machine, worked 
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{JuB-net fnmee to profit at Mansfield. His brother, 
WilliwR Bnoitli, a waip-Iace maker, discoTcred a 
method of making basket-wt^ tpoUed bobbin-net, 
profited greatly bj hie ekill, and retired to Canada, 
where he is living in comfort Spotted articleB are 
too beantifol eror tu go oat of behiou. 

A patent was taken out in 183G by Aloock, embody- 
ing eleven imprered methods of making spotted nets, 
on oircnlar, tniTer^e warp, and Levers frames. This 
specification filla IB3 pages and thirty-one large Eheets 
of drawings ; and is remarkable, as showing the result 
of a^-tanght mechanical genins in one who began life 
M ft oonunoo labonrer. Alcot^'s onele, Henson, had 
« still more singular genine for mechanieal constmo- 
tion. Bora in 1786, he was first a point-not workman 
Kt Noltingbam. Then he tried to make laoe by twiet- 
ing threads from bobbins ; and, with one Hill, at Hnn- 
tit^en, put tcigether a ^'anie for lifting threads over 
eMoh other, hut it did not sncceed. Henson knew Whit- 
taker, and «stys that he eonld not make net : bnt that 
b) himself made, in 181^, one mesh at a time in a row, 
1^ nsittg bobbins and cArrii^es each with two springs, 
diogging by a bar, and a turn-again — "■«H"g two or 
throe inches uf net. Funds fiuling, be i 
&M]ey, who cuuld not perfect his attempted i 
meni of HtMthvoat's tnune, which he (H^iboq) » 
pliehed in 1811. He made one for bnadths, in 1 
duuhliug the prodnction ; in ISSti he boilt his r 
looker, rBdociwg thp tweltie ntov«&ie»ts between i 
ilmwis If si\ , 111 1$33 he pateatmi di 

<- -->.> a combined ^gle and dot 



r lAce m&cbine — foie^talling (a£ he asserts) Draper's 
, inteuti'iD, tifterwaniB desoribed. In 1833 he patented* 
fluted roller laoe truae ; in 18j0 he patented improved 
warp-luce looms ; in 1845, a machine for veaviag at 
once sevend calico pieces at right angles to the loom ; 
and, be'ng in the United States in 18i9, he inTented 
a machine which, by oeciUatioDs of bobbins and car- 
riage^ woTe many webs transversely to the width of 
^^ &6 machine. He also, in 1951, improved the n'arp 
^Bflfeacliinc, and (finally in North America) patented a 
^~Vide knitting Irame ; and in England and France, 
from 1858 to 1862, took ont three further patents in 
the bosicty mann&ctiire. Hcneon possessed in his 
eighty-second year 8oDnd intellect and memory, and 
was probably the only one IcA of those who founded 
the mauoiiictnre of lace by machinery, Ke appeared 
to be then dwelling in comfort at Nottingham. 

Draper, in 183i, 1835, and 183T, tout out patents 
for Jacqnard application to the -lace frame. He was 
the earliest and most ingenions, thongh not most snc- 
cessfnl, pioneer, in finding ont how every thread in a 
machine might be as simply and perfectly controlled, 
as those on a piUow by the fingers of a workwoman. 
Money foiled Draper before he quite occomplisbed this ; 
bnt his diversified eombinationa of lace machinery were 
the real germB of those which have been perfected by 
his sncceseors, with great profit to themBelves and to 
the cetabliehment of the trade ; yet this clever mechanic 
fell into deep and unassisted poverty. 

By 18i0 tho application of the Jacqoanl to the lace 
KiMchinG had been eficcted. Oldlmow, in 1819, added 
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Ibe nee of rerr tliin Ete«l bus, pierced bo as to { 
warp thr«a(ls thruagh them : uid guiding the more- 
BMnta uf Mr^ Hideirajs, right and left. Articles ue 
tims made bom the uuroweet bnid to ■ highlj figoind 
lam curtain two ysrds vide, uid requiring t«B of twelve 
UioasandeBida to produce the pattern. Oldknow granted 
IITO lioenoei^ and now 3000 machines are nsing hie 
perfiHated steel bar inrentioD. The complex opeistionB 
governed {mm the ends and backs of Lererv' machines, 
ate carried on in a small epx^, bnt throngh their whole 
width of perbape 200 inches, Eafely and exactly : prompt 
•ttentic n being given to remedr any defects in materials 
or workimui^liip. 

The readtr of these papers will nownot be surprised to 
learn that the two departments treated of have together 
been made the groond of more patents than probaldf 
any other ; and of legnl discussions withont end. A 
list of 720 patents in both now lies before the writer, 
to which many more might be added. In 1841 
Doverill bad patented a claim to the first sacceSBfol 
application of the Jacqo&rd to the end of a latie frame. 
Birkin bought the inTenttcm from Deverill ; bat seeing 
a doubt arise, relinquished his euppeeed right ; and 
with most prnisoworlhy spirit, thus restored freedom 
of aotiou Ut tht) fancy lace department, in which direc- 
tion aloiie general pwfit was to be hoped for. He 
moieover ptw'ee.lotl to arrtmgo plans for 
several imvwtaut classes of bw* machine ^.. 
tatioii. This eswUeul mechanieiau had been t „ 
in early life at U.e R^per cotton milK iaiproring his 
leiBnn tune m nadiug and mechanical effarts. Ite- 
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iBg to Nottingham in 1822, Le learnt, while at 
"work in one clase of lace machinery, tbo principleR 
on which all were constructed. Each was realizing 
to tho owners of a machine making fancy laces 201. to 
301. weekly ; and 51. to 101. a week to diligent work- 
men. Bii'kin husbanded both time and money, and 
taking the tide at the flood, it led him on rapidly to 
fortune. He was shrend and persevering, and hod 
taste and judgment in qualities and degigns in lace 
goods ; and filled the ofiicos of a juror in the great 
Exhibitions of 1851 and 1862, chief magistrate of 
j{ottingham fur four years, and a Midland Bailivay 
ictor. At his death he left his family a largo 

iperty. 

James Fisher began to manufacture bobbin-net on 
his own account about the year 1822, and by 1830 
had taken out three patents for machines improved by 
John Levers, jun. In 1831 Crofts became connected 
with him, and took out eighteen patents, including 
thirty claims for novelties in methods of constmetion. 
One of them specified nine such ; chiefly in methods 
of producing spotted nets and other cloth works. The 
specification of this " monster " patent occupies 149 
folio printed pages and forty-nine sheets of drawings, 
costing the patentee about 5000/. Many of these pa- 
tented alterations were clever shackles put on the &ee 
use of arrongements in the mochineiy, already well 
known. A public combination to resist these claims 
was organized in 1838, and Fisher coaseil any further 
patent interference in the trade. The talented mecha- 
gioian Crofts, who assisted Fisher with the technical 
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knowledge necessary in these operations, was after some 
yeare throivu on his own limited pecuniary reeonrces, 
and finally died in 1868. 

A singalar gifted meehEmic, Bagley, originally b 
sfaoomaker, when Bixteen, learnt to work a twi&t frame ; 
and at once put on a liircular macliine, with " Grecian" 
net. Then be went on to pTodaco various meshes ; 
one of which, " Honeycomb," lie showed to Crofts, and 
it led to connection with Fisher's business. He after- 
wards put into a machine extra guides fur ornamenting 
" blondes," and these articles were so profi.tahIe to 
others, that he began to make a maehine for himael£ 
While constructing it, " ho and hia wife suffered in- 
tensely from hunger ; ate meat only once in three 
months ; and sometimes lived for days together on 
gruel without broad." The machine was finished : and 
risher purchased his inventive talents for 100/. each 
patented plan, and lOOZ. more if four machines were 
constructed on it. He then conceived the method of 
using two threads for warp instead of one, and twist- 
ing the bobbin thread twice round this double warp, 
instead of once : thus making a now and most valuable 
article, called " plat net." For it Fisher gave bim 
1002., and one licence ; putting on many machines 
himself, and licensing others at a very profitable rate. 
Bagley now left Fisher, and proceeded to make very 
excellent nets, ornamented with cloth works, also light 
Mechlin net ; traversed nets, with looped finings ; 
Valenciennes edgings ; and Honiton sprigs — the latter 
first shown to him in Paris in 1850. While walking 
on iiio Bonlevards, ho "accomplished making them in 
his miad, retmned to "Nottin^wa, w^ Y* «^ wa^ 



ines to make them." He was tLe victim of a. restlesB 
. appetite for invention, yet was ouable to make a rea- 
sonable and safe bargain when he had completed one ; 
and moreover, neither kept accounts himaelf, nor re- 
quired them from others. It is pleasant to record, 
however, that latterly Bagley's position improved with 
the increased demand for his escollent articles ; and 
with the half-ahavo of his Talenciennes patent, he was 
enabled to pass his latter years in comfort. His death 
occurred in 1859. 

Sewell, a self-taught mechanical constructor, mathe- 
matician, and chemist, hagau life in the stocking 
frame, then made point-net, and in 1818 bought a 
twist-net machine. He improved the speed of this 
class of frames, so as to make five rucks in length 
of 240 meshes each in an hour. Ho filled a factory in 
1831 with twenty-four 13-quarter steam rotary frames, 
making fine three-t\viBt net, for appliqu^ Brnssela 
sprigs ; and also good pltittod nets. He produced 
omamcntod wide nets for the East Indian trade. He 
is of gentlemanly manners and refined mind, and is 
now spending his last years in Australia. 

Norton was an excellent mechanical constructor, 
who, after much study, put into operation a machine 
in which there was no warp, the yarn being all drawn off 
bobbins. It had five comb-bars and four sets of points, 
and required 240 movements to complete one row of 
meabes. The result wan an article equal to that from 
the pillow. But the strain on intellect and nerves 
cost Mr. Barton his life, and be died by his own hand 
Ba 1845. 
^H Waterhouse constructed a very &iiq g&^^Q TaoJ^kaxife. 
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Tlie bobbins could only traverse oTer two meslieB, but 
by using two warps and two bobbins, a, mesh of two 
uprigbt piUars and four twisted aides was obtained, 
and a Brussels ground succGSefully imitnted. Unfor- 
tuaatoly the bigU prieo of tbe net preyented its use, 
for tbo machine tout SOOOi. in coustruction, and was 
Hold for 300/. 

In 1846, Livescy arranged a machine to make net 
work, oomposed of looped meshos, the bobbin threads 
Uying hold of the warp threads alternately on each 
side. TbiB net. not being travorsed, is called straight- 
down net. The tissue ia*not usually wrought a fast 
net, but is made so whon required. Cloth and open 
works are introduced in floral and geometrical designs, 
aud thus ourtains, antiniacasRai's, &c., are made of any 
aiae or price. A pair of curtains, each four yards long, 
inay be made on one frame in two honrs. In the Exhi- 
bition of 1851, curtnins five yards long and two yards 
wide, each containing only ono elaborate pattern, ware 
shown and raluod at 30<. ; the pattern required 15,000 
uards to produce it. Tons weight of cotton curtains 
now leave Nottingham weekly in the season. Elsey, 
SiasUng, T. Birkin, and Cope, aU ingenious mechanics, 
have improveil tliis machine. Livesey took out seven 
patents, chiefly for velvet ornamentation of lace nets ; 
though with much aptitude for invention, he was mora 
BUgg^^8tlTe than practi«d, and reaped for himself little 
.idvaulage. He emigr.u«l to Australia, where, in 1866, 
.0 was l.viny in comfomhle circumstances. Mor« or 
le«. olo*. uppr««hes to real cnshion-lace have been 
«»de amee 18G6, a«a aU of ihem patented ; but fe«m 
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: intricacy it would bo imposeible bo to describe 
D as to be generttlly underEtood, in addition to the 
difficiiltf of assigning to each modification its true 
position is those minute changee. We eeem, however, 
drawing near to the time " when the lace machine 
shall become the true ciis1iion~luco maker, and its 
bobbins be the spools worked by mechanical lionds 
Bod fingers." 

In 1843 there were 3200 twist net and 800 warp 

frwnea, retarning 2,740,000(. that yoar ; in 1851, 3200 

bobbin net and 400 warp, giving a return of 3,846,0001. ; 

^Aud in 1666, 8552 bobbin and 400 warp, returning 

{[,130,000;. There has since been no actiul censuB, 

mt abont the samo number is now at work, and the 

turns and profits are greatly increased by improved 

Muality and patterns of goods prodnced. The returns 

r 1872 were certainly 6,000,000?. at least; and from 

•■dvancing wages and demand for Levers laces, must 

Btill rapidly inciease. Men are now earning by making 

them from il. to 6/. for fifty-six hoiu^' weekly labour. 

France took a leading part in the early ciishioa 

manufacture of lace ; and in 1B51 there were 235,000 

French cnshion-lace workers, who produced 3,000,OOOZ. 

annually, the whole European production being 

6,500,000r, by 535,000 workers in hand-mode lace. 

They were equally alert in Frauce to obtain English 

lace-making machinery. Two thousand of our " pin " 



Q at work ther 
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>re largely used at Lyons ; 3000 point-net 
! long employed on silk net, and in 1826 
6 Jacquard was applied to their lace machines. In 



1S15 Hoatbooat'a m&ohine wae set np at ValeBcieimeB, 
ftnd next yettr at CiilaiB, both being obtumcd tntm 
EngUud ; bnt in 1824 one was built there. In 1818 
Hwtbooat ouustnicted hie machiuos at Paris. Eaglish 
improvemoutB huve at once roapposred in France, and 
chiefly those need in making fancy articles. The 
bobbiu-net macbiucs in Franco in 1856 were 1400, 
making an annual return of 800,000?., and 350 warp 
fruuoe, producing 230,000/. a year. In 18C7 there was 
KQ increase ; and in 1870 they had risen to 1860 in 
nnmbflr, oansed by enlarged demand for fancy loces, 
Heocnt events in Franeo will probably alter tbe i 
relative position uf this manufacture between the t\ 
ouun tries. 

In 1856 thorv were about 50 bobbin-net machines i 
in Dolgium, making very fine extra twist net, on whidi 
oiubiiMi (^"''6^ *^*' appli^ i ii^ Switzerland about 80, 
liwkiug lOaiu n^l fur embroidery as cnrtuns ; in Spwb) 
ia 1831 thoT« wen I>00 pin maduneB, and in ISS^J 
80 twiat^et nacthinec ; iu Austria, 500 in 1851 ; iin 
PnwttA and Kaaeia, SO ; uhI in Suony, GO. ■ 

Ou a rvviow of these kindred maoofoclares of hodajjl 
U)d laoc, >K>wr«l iutor«sting snbjeotA ufier themGelfdg 
for mnvudvMliou. Among theni we c«.nnot bat remadM 
Uw vsli«k>i>)iiMU'y aukouut of ktent inveniive sld^fl 
brtWtchl iuhv i>|H>mliim by vtea entirely nniastmoltin 
iu tW iia>)MH>t> uf luccliaak^ and be atruck with tta 
tiuMi tutd tht>uj-hl iImI tlw k»i*wl«d$» ct Bosod a^B 
oliauteal ivnuv'i)>lt« »\>«U IwvwcftvadtlMBBh AadteAdH 
\wtf utKvrlatu baa txvM 1^ fmSk drriwd tnm «i^| 
vOloiwul UHW C4>uibiiu«ttvWa tu uun^ilKiy, to tboM ^w| 



^ 
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'irere the actnal deviaera of them. Beyond this, it is 
painful to notice how maiiy of these men, possegsing 
fine natural talents, from the want of self-goTemment, 
failed to use aright even the measure of profit that 
reached them ; iioither securing their own or their 
welfare. Genius was to them rather a curse 
blessing. Hero Bro strong argiimenta for 
;her scientific and moral education to he placed 
irithiii reach of these classes. It is suhmitt^d also, 
that the extent of patent rights, with their coats and 
effects in these trades, furnish most important matter 
in regard to discussions now pending, aa to their 
beAefioial character or otherwise, which should not be 
overlooked. 

In conclnaioR, seventy years ago, graceful floral 
patterns were unknown in the lace trade of Notting- 
un; now, hy the School of Design, there has been 
Ltrodaced a thorough reform in taste ; and form, light, 
id shade adorn our reticulated tissues. 
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CiBPHTS [Italian, CarpeUa; Dutdi, Karpet], lite m^- 
tions, have a history. The palace of the Pharaohs, 
the temples of Heliopolie, the mansions of Greece and 
of Home, the dwellings of Persia, China, India, and 
DIorocco, all had their carpets, which therefore come 
to us Irom a venerable antiquity. 

Sai;dinian carpets are mentioned by Plautns, the 
comie poet, as being spread " beneath the ivory feet of 
puFple-cnahioned couches ;" and wo all remember the 
description of the magnificent banquet of Ptolemy 
Philadelphna, from which wo learn that nndemeath 
two hundred golden lounges " were strewed purple 
carpety of the finest wool, with the carpet pattern oa 
both sides." At this same banquet we are told that 
" handsomely embroidered rugs, very beautifully ela- 
borated with figures," were also nsed, and that " thin 
Persian cloths covered the space where the guests 
walked, having most acourate representations of animals 
embroidered on them." 

The Babylonian carpets wore much prized, and 
npon them gi'onps of figures were wrought, together 
with dragons and other mythical monsters. They 
were sold largely in Greece and Rome. The carpets 
of Curthago were also celebrated. 

We know but little of the history of the mann- 









fkctore of carpets in CbiBa, Persia, or India ; but it is 
moce than probable that the Indians derived the art 
from the Persians, for we can traco the seats of mann- 
&oture in India gradually back towards the borders of 
Persia ; and there ia not only a similarity between the 
patterns that adorned the earliest carpets of which we 
have knowledge from Persia and India, but there is 
many coses actual identity; and this samenese of 
design is constantly met with in the present day in the 
irks of these two Eastern notions. Were there no 
let evidence, this sameness of pattern between the 
works produced in those two great conntries, which 
BOW have their seats of manufacture so widely apart, 
mmld yet enable us to poreeivo that carpeta were 
mode at an early time in both Persia and India. 

The first carpets known ia Europe were carried into 
Spain by the Moors, wltn, while leading a wandering 
were great weavers ; and the loom seems to have 
. the peculiar pride of the entire Arabian civili- 
Ltion, to which wc are indebted for so many of 
arts ; while Nomads, the Arabians (and I in- 
clude the Moors in this term) could weave the most 
goi^eoue tissues and fabrics : and just as the opn- 
it of Khiva and Turkistan now live in large tents 
ig with gorgeous hangings, so did the Arabians 
'eU in abodes formed of fahrics which they wrought 
the loom ; and the dwellings, which they built 
ten. they abandoned their wanderings, have walls 
rliich we may regard as mere petrifications of their 
;eonB tissues. 
After the Moorish carpets became known in Spain, 
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the Venetians bitroduced them into Italy, and com- 
menced to Bnpply them also to Western Europe. 
CftTpets arc freijnently mentioned in the middle ages 
as a Inmry of the rich. Queen Elizabeth had in bet 
proaenue-obamber a carpet spread npon rushes, while 
Qneen Mary had only the rushes; but those which 
weFe spread npon the floors of the wealthy before 
oaipcta were in use were not the common raeh, but 
the sweet nred (Aconis calamus), a plant growing 
abuAdoDtly in Norfolk. I may just mention in passing 
that one of the charges brought by Henry VIU. 
against Cardinal Wolsey, was eitravagance in the nse 
of eweet rushes. 

Chequered matting appears to have been much 
nsod about the fifteenth century, and also certain 
" fringed hearth-rags of Gothic design," 

In the reign of Houry IV. the manufacture of carpels 
was iutrwluccd from Persia to Franee, Colbert, the 
ministor of Louis XIV^ established the manufactory 
Kt Beanvaia in 1664— th© factory which is now in the 
handa of tlie Government. The manufactory of Gobe- 
lins WM csUlilislied bot little later, and was purchased 
in 1677 by Colbert from the Gobelin femily, whose 
pwgwiitors had brought their art, as was supposed, 
tKm FlaiK)«r& 

An atU^mpi was wade during the reign of Henry VHI. 
to start this manufacture in England, bnt withont mncb 
KwiK Under tl>o putionapi of Junes L it was more 
suoooerfoUy r»UbUd.«i, and worfa. wnre erected at 
Mortlako. in Swnvy, tk» roy»l patnai himself contri- 
buting a ronsidoraUe »um towards Uieir nuuntenance. 



To Mortlttke French weaTera were bronght ; but a 
real enccess was only achieTed after the celebrated 
edict of Nantes, in 1685, when artisanB of every trade 
songbt refage in this cowotrj, and amongst them many 
carpet weavera. 

In the year 1750 the Society of Arts awarded a 
prize for the best imitation Turkey earpet, and about 
this time Parisot condncted a manufactory in Padding- 
ton, under the patronage of the Duke of Cumberland. 
Subaequeatly, carpets wore wrought at Axminster ; then 
at Wilton, near Salisbury; and afterwards at Edinburgh; 
while now the chief centres of the manufacture are 
Kidderminster, Halifax, and Glasgosr, though there are 
many other towns in which carpets are also made. 

In the earliest times they appear to have been spread 
upon floors, or thrown over cushions with the view of 
fomisbing couches on which persons might rest, and 
were first applied to religious pnrposes by the priestB 
of Heliopolis. lu the Homeric age they were certainly 
spread ujion the floor and walked upon. 

In our middle ages carpets were used as floor cover- 
ings and as table-covors in both ]>a]aces and mansiona, 
and were most conuaoii in the ladies' apartments of the 
baronial halls, as also spread npon grass, for the pur- 
reclining upon. In the roign of Edward VI. 
e tead that before commonion-tablcs were placed 
" CiirpetB full gov, 
That wrought wt-re in tbe o'rieut," 
From what I have recently seen, and from what I 
low know of the customs and habits of the Persians, 
Arabians, and Moors, I am of opinion that the tents 
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wliich gave birth to tbc architecture of these three 
nations wfcre formed of carpets similar to those pro- 
duced in thesB countries at the present hour. Liar^ 
quantities of small carpets are still made by all 
Mohammedan peoples, ivho prostrate themselves upon 
them at the hour of prayer ; and in South Ainettcu 
a vast quantity of small ruga are used to kneel upon 
in the Roman Catholic churchee; but these are made in 
Yorkshire. 

During recent years, carpeting has again come into 
use as a coveting for tabli^H, when it generally has a 
Tslvot surface. Of fine quality, and with a siniilar 
gurface, it has been lannufactured in France as a cover- 
ing for furniture, sach as chairs and couches. What is 
called Kidderminster carpeting is sometimes used as 
window or porlier hangings, but, as a rule, carpets of 
every description are now spread npon floors. 

It is difficult in all eases to say of what materials 
carpets were made by tbe ancients, but some were cer- 
tainly of wool. Persian carpets seem invariably to be 
wrought of worsteds, while the richest of tbe Indian 
rags are of ailk. Silk carpets are made principally at 
that great centre of manufacture, Wnrruugal, but also 
at Lahore and other places. Meet Indian carpets axe, 
however, formed of wool, and there are many seats of 
this manufacture, as Wurmngal, Ellore, and Bukhara. 
Many are also made of cotton, these being 'WTought 
at Wurmngal, Rungpore, and Sassoram ; and cotton 
carpets are also turneil out at Ahmodabnd, though these 
have pattern applied to them by printing, and not by 
weaving, as is usually the case. 




rngB and Moorish carpeta are all formed of 
(I do not speak of the threads whieh conetititte 
the " backing " or groundwork of a carpet in any case), 
and so are almost all European carpeta. Carpeta have 
been formed in England, boweTer, of cotton; and the 
finest European carpet shown in the Vienna Exhibition 
of 1873 was chiefly wrought of silk ; and it ia singular, 
that while I induced an Engliah manufacturer to pro- 
core eillt with the view of forming and exhibiting a 
silk carpet, he failed in the attempt, while it was 
most Buccessfally made by P, Haas & Son, of Vienna, 
Carpeta have been formed of cowhair, also of strips 
of leather, and the commoneat goods are now made 
of jnte and houip. Almost every available material 
has at some time been nsed for the manufacture of 
floor-coverings, but wool ia now in general nse for the 
production of all kinda of carpeta. 

The Egyptians made them by picking out from a 
joarae linen which waa already woven, certain 
(or croBs) tiireada, and by sewing tufts of coloured 
irsteds to the warp threada, auflcient of the weft 
threads being allowed to remain to knit the warp 
threads together. 

Socio of the simple kinds of Cotton carpets of India 
are formed in the most primitive way, but these are 
without " pile " of any description. Warp threads 
^re placed horizontnlly, and the loom is without 
d. The weft threads are thrown across 
itiie weaver, and are brought together by a Hmall 
oomb. 
iimilor loom, only placed vertically, ia employed 
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for tho productiun of certain lodiaa carpets which 
hare a looped eurface, and some of the riclily figured 
cotton carpets from Wumrngftl, Decuan, are wronght 
in tliiH simple manner, every loop of tke Tarionsly 
coloured cottons being brought up by the hand of 
the weaver. lu such cuaes )ie has the dmwing of the 
pattorn by his side ; bat after luuch practice, he is 
enabled to form the design without reference to it. 

Tho Persian carpets, and many of those which are 
wrought in India of woollen material, are formed upon 
a vertical frame on which warp tbreads are arranged. 
Upon the latter, tufts of woollen yarns arc knotted, 
EtQil over each row of those tufts a woof thread is 
pasBed. In Persia most of tho carpets appear to be 
made by boys, who are subject to a master-man. 

Before the boys commence to weave any particular 
pattern, tho master BHsembleB them before tho drawing 
of the carpet ; and from this design, which is on squared 
jmpor like our Berlin-wool patterns, he teaclies them 
tho arratigomont and colour of every thread. When 
thia moot difilcult of tasks is perfectly learned, each 
boy has tu produce a carpet without reference to the 
dnwing, Ilad a lady to learn the positioD of every 
jMrtioular Htituh in a Btirlin-wool pattern before she 
uomiuonoed her work, our eyes would rarely he offended 
by Uio litdcnne patterns tliat wo bo often see as otto- 
luiui covers, B«rouii!i, and slippers. 

Turkoy iiwixits mv mode in a similar manner to the 
onriwtH of I'onua, and bu aro French tapestries; only in 
tlko lattiir uaitK, a " iiliuttli>-ui>o>lle " is need in attaching 
tho WQulltiU thrutuU to tho warp. ' 




The manitfactaro of oar Azmiaetsr carpets is & mere 
Biodi£catioD of the Persian method, far here also the 
worsteds are only knotted to the warp threads. 

Axminster carpets derive their name from the Devon- 
shire town at which they were formerly made ; but the 
seat of the manufacture has been long since removed to 
Wilton. 

All the carpets produced by the methods of manufac- 
toro already described, save the commoiier Indian cotton 
oaipeta with imlooped surfaces, are extremely durable. 
Those &om India which have a velvet or a looped 
surface, whether formed of worsted, silk, or cotton, are 
almost everlasting, bnt the silk is more tender than the 
worsted or the cotton. The carpets of Persia, Turkey, 
and Morocco, as well oa our ovm Airainster productions, 
are of the same lostiDg character, but only few of the 
latter are now made, as they are exceedingly costly, 
being much more expensive than the beautiful rugs of 
the East. 

Bome few Indian carpets appear to be woven in parts, 
whiah are afterwards joined togetber, the manufacture 
resembling that of Cashmere shawls ; but carpets made 
in this manner are not general. I am of opinion that 
some of the Babylonian carpets were formed in a similar 
but of this there is a want of conclusive 
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AH the oarpeta of which I have already spoken are 
band made ; there are, however, other kinds which 
Ke produced wholly or in pai't by machinery. 

A great alteration in tho methods of manufacture 
occurred, when Jacquard completed the apparatus by 



which pBttem oan be applied meelanicallf to any 
fabric which is woven in a loom, Bj his apparatuB, a 
set of perforated cards BuEBces for the prodoction of 
"figure" on any woven fabric. The Jacquard ap- 
poraluB gives pattern to Rilks, to damask hangings, to 
table-linen, to lace curtaine, and to many other fabrics, 
as well as to carpets. 

Those carpets which receive pattern by a mechanical 
contrivance Eire much cheaper than those which are 
figured by the hand processes already described ; for 
when every thread is solected by hand, the labour of 
production must be great, and the process slow and 
expensive. 

Of the Riacbinc-made carpets, first oamo the bind 
known as " Kidderminster " ; but, as in the case of 
Axminster carpeting, the name is derived from the 
town where it was formerly wrought, while for years 
past little or none of this fabric has been made in 
the first seat of the imJustry. 

The Kidderminster, or, as it is often called, Scotch 
carpet, has a worsted warp and woollen weft, and is a 
yard in width. It is a double, or, to speak technically, 
two-ply carpet, and the double thicknesses are united, 
or interlocked, at intervals. It is not a very durable 
carpet, and has but small capabilities of producing 
pattern. It is best formed of yarns of only two, or at 
moat three, colours, and these should be so arranged as 
to prevent their appearing striped. An improvement on 
this is the three-ply or three-fold carpet, invented by 
Mr, Thoa. Morton, of Kilmarnock. This is composed 
of three weba, whicli, by interchanging their threads, 



^^ntoduce a pattern on both eides. Mote variety of 
^Bjiattem is poeeible to this than to the two-ply carpet, 
and it is thicker, eofter, and more durable. 

BruBBels carpeting is a great advance on either of 
the two kinds just named. A Brussels carpot may 
consist of six thicknesses of worsted, together with 
certain threads of hemp or other material which knit 
the worsted threads together, and furm the " backing," 
H^ or back part of the carpet. 

^H While Brussels carpets may consist of sis thick- 
^^■KfieeB of worsted, they are also made of five, fonr, 
^^■hree, and even two thicknesses, but more particularly 
^^^M three, four, and five ; the six thickness quality being 
^^■bperior and rare. 

^^* |In the trade, a Brussels carpet which consists of six 
thicknesses is termed a " sis-frame carpet," and, in like 
manner, one formed of five thicknesses is "five-frame"; 
one of four thicknesses, " four-frame," and so on. 

The reason of this mode of expression is this : the 
yam or worsted which forma eiich thickness of the 
carpot is, during the prooeas of manufacture, derived 
from a separate frame of reels or bobbins. The frames 
of worsted, whether two, throe, or more in number, are 
placed more or less horizontally behind the loom, and 
in order to anpplj the worsted for each thickness of 
the carpet, there is a large frame which is crosaod by 
strong wires, one beyond or above the other, in the 
manner of the rounds of a ladder, and each wire 
threads a number of large reels, resembling ordinary 
cotton reels. Each reel supplies one thread of worsted 

kbo the loom, and as there arc two hundred and sixty 
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^B Fig. 1.— Full sizeni!e'p3[terdrawiDeof a"liTii-lrame" Brnsat 
^H nrpet (h portion onlj beiag Fibowo). While this pattern could on 
^H be woien in a Rce-framB Iddid, it wodM not require five fait ham 
^V of 7Bra in order for its prodnction. Thns, of tbe dotted frame on 
^F fonr Btitchea are required ont of every tea, oi one hundred and f& 

■ in the full width iostend of two hundred and sixty. The white fra 
^K wonld be incomplete whore crosses are shown. In this fi-nma t 
H Btitehes «re <»Ted in every ten, thus fifty-two are snved in the wid 
H In the next fnune(that marked in the diagram with Tertioal strip 
H four Bre saved out of every ten, or one hundred and four out of t 
H width. The frame of black, and that indicated in the diagram 
B diagonal lines, are the only full frames; in the other three a to 
H saving of three hundred and twelve threads is effected, or of o 
^1 frame and a fifth. Thus a carpet woven of this pattern would 
^H of five frames, yet in qnality it would be inferior to one woven wi 

■ fonr full tVames, 

^B The part marked a it called the gammot. 



threads in the width of the Brnssela carpet (which 
meftaures 27 inches), there are necessarily two hundred 
and sixty reels or bobbins in each irome. 

By the Jociiuard apparntus it is possible to draw 
any particular thread to the surface of the woven 
carpet, and in all cases every colour employed in the 
production of a carpet is brought to the surface at 
places. It thus often happens that the number of 
frames of worsted employed in the manufacture of 
a carpet is indicated by the nnmher of colours 
discoverable in* the pattern ; but this is not always 
the case, for it is not uncommon to arrange a 
" frame " of two or three different colours. 

If a colour, ea, for osample, blue, appears only in 
Bpots, or in small massea of any kind, and theae 
spots or masses are separated from each other by 
some distance in the widtk of the carpet, we may 
foel certain that it does not go all over; but if 
there are a certain number of colours constantly re- 
curring thi-oughout the entire width of the carpet, 
then the number of colours in the pattern will give 
the number of the thicknesses of worsted in the fabric. 
See Figs, 1 and 2. 

The manufacturer seeks to make a carpet look of 
better quality than it actually is, and thus equal to 
a quality superior to itself. An ingenious designer 
will so arrange six colours in a five-frame carpet, 
that it requires a practisod eye to detect that the 
carpet is not of six frames ; or in some casoa ha 
will so place six colours in a four-fr^mo carpet, that 
he will make it look like a fabric of six thicknesses 
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ng. a. — Rule-psper diHwing (of aboat DDe-tburtb wale) nf ■ 
aix-^olonr fanr-fmmc. BmsBcle carpet. Let tbe dingooal lines Iti 
the dlngrnm represent one solour, the dots anothEr, the Tertlc*! 
hate uuther, the hoTizoDtal liues Einuther, the white spBL-ei another, 
uid the hlnck another, and it will be seen bj a glaacB at the gam- 
mot (a), tbat four thlakneBBeB of ynnu aie al> that are neceasaryto 
the WBBTing of this pattern, while the jarna are of bIi coIodm. 
Frames 1 and 2, counting from thn top, nre " plunteJ," that is, eadi 
of them coDtaiiu more than one Eolonr, WbiU this is the case, the 
three iirst frames are also imperfect. Thus in the top Irame one 
atitch oDt of every ten a eaved, or twentf-sii in the entire width 
of two bnndred and sixty threads ; in the leit tntne four are MTed 
out of every ten, or One hundred nad four in tlie width ; in the 
third frame one is saved ont of every ten, or tmenty-eix in the 
width. The fourth fr^ime aione is complete, yet wo haie $ii oolotin. 

The d;3£rain only repreiente a portion of the width of the carpet. 



to all but the carefully cnlfenred eye. A carpet thus 
plaimGd coiumaiids a better eale than one that looks 
no better than it ie. Fig. 2, 

The surface of a Brussels carpet consists of loopB, 
which result from the warp threads being passed over 
a stout wire, which wire roeombles in appearance a 
common metal meat-skowcr with looped end, the wire, 
however, being 27 incbos in length. Such a wire 
having been placed in the loom, as if it were a weft 
thread, is covered by the two bnndred and sixty warp 
threads, and then a. tbin berajwn weft is passed across ; 
thus a aeries of loops are formed over or BJOnnd the 
wire, and it is woven into the fabric as though it were 
a thick weft thread, aud it were intended to form a 
coarse corded or rep-Iiko fabric. Wii'o after wire is 
coveted by the warp threads aud woven into the fabric, 
till eight or ten rows of loops have been formed around 
the wires. Now the wire, which was first covered by 
loops, is withdrawn by a book which catches in its 
looped end. Another set of loops is formed in front, 
and another wire is withdrawn behind ; but during the 
process of weaving, eight or ten wires are always in 
the last-formed portion of tho fabric. ~^ 

The method by which a Brussols carpet is formed 
this: A small drawiug of the pattern is first pre- 
i, which drawing (technically called the model) is 
ttfloally about one-siKth or one-teutb of the size that 
the pattern will be, when it appears upon the manniao- 
tured carpet. This being approved, it is redrawn on 
sc[iiarcd paper (sometimes called ruled paper), or, to 
me technical language, is " put on lines." The ruled 

kper for Brussels carpet patteiQB ^i^ ^^Q 'Vnsi^^ 
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Ftg. 3. — Rula-papfr drawing of d " three-fnunB " BcushIi 
urpct. a a the gammol, 6 is one repant of the pitttiMii, or > 
eomplole unit of the whoU design. While this rai-pet pattern 
would be woren bj ■ loptn with three frames of jfarn, the wtiila 
frame would be iocainpliita wherorar n X oocun in the gsmairi^^fl 
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id sixty squares in ita nidth, each sqnero reproGents 

stitch of the surface of the woven fabric. The 

bttem mnBt be esactly completed once, twice, or more 

les in the two hundred and sixty squares ; for if this 

not the casa, the various strips of carpeting when 

led together would not form complete patterns. 

in which the pattern repeats ie imim' 

"portant. Fig. 3. 

There arc, however, what are termed " drop " pat- 
terns, and these do not fit together in the usual manner 
fts when any given point in the side of one strip of car- 
peting joins the point just opposite at the other side of 
the strip. Drop patterns, like common patterns, join, 
but the parts of Uie pattern which fit together are 
arranged in an alternate, instead of in an opposite, 
manner on the sides of the one strip. The nature of 
sach repeats will bo at once apparent from a. glance 
at Fig. 4. 

There are other patterns which will join only at one 
In these the ports of the pattern unite at one 
aide of the strip of carpet only, the other side joiniug 
[Vith a similar side of the nest strip. When sewn 
;etiher, such carpets have their alternate strips point- 
opposite directions. Figs. 5, 6, and 7 are of this 
description. 

When the drawing " on the lines " is completed — 
every square being coloured bo as exactly to be a coun- 
terpart of every stitch that shall be brought to the 
surface of the carpet when woven— it is pasaoii to girls 
^called " stampers." These girls are supplied with 
of about 14 inches long by 3 inches in width. 
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Following each row of squares in the width of the rule- 
paper drawing, they stamp holes in the carda. Holes 
in certain positions will, by the agency of the Jacqnatd 
apparatus, bring np stitches from one frame of 
worsted in the loom ; holes in other positions will 
bring up stitches from another frame of worsted, and 
BO on : thus stitches or loops cnn he bronght from any 
frame (they being thus of varions colours) to any re- 
quired portion of the surface of the carpet. Any 
desired pattern may be produced by the holes In the 
cards occupying certain positions, but there must be a 
frame of worsted iu the loom, or a part of a frame, as 
may bo necessary, for each colour that is requisite to 
the formation of the figures. 

One card having boon perforated for each row of 
stitches or loope in the width of the earpet, all the 
cards are fasteued together in the manner of a oirculftr 
baud or an endless chain ; thus a chain or band is 
formed of about 14 inchea in width, with miita about 
B inches deep. 

But the man who hw placed the pattern on the 
lines (technically called the " putter on ") has pre- 
pared a "gammot" aa well as the "rule-paper" draw- 
ing of the pattern. This gammot is only necessary 
full frames are not used thionghont, or when 
r more of the frames contain two colours, as it 
ere drawing, giving the arrangement of the warp 
threads for the loom. If a carpet is tu be formed of 
five full frames, eoci fi'ame being of one colour 
throughout, the weaver can simply be told that one 
frame is to be filled with yarns of a certain tint of red, 
another with jama of a certain tint oi ^jVolB, saii. ssa ssa. 
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for all is here simple, and he reqaires no further guide 
to enable him rigktly to arrange his loom. Bat if one 
or more frames shall contain each two or more colours, 
he must be shown how iaa,Bj threads aro to be of one 
colour, and how many of another in each particular 
frame, and where the threads of each particular colour 
are to be situated in each fritme: this the gammot does. 
See Figs. 1, 2, and 3. 

It is also common for manufacturers to try to save 
certain threads out of each frame ; thus there may be 
five frames of yarns employed in the formation of a 
carpet, yet some of them may be incomplete. If one 
ttiread only is saved, it means increased profit; bnt 
sometimes a quarter of a frame is missing, sometimes 
half. If only a few tlireads are gouo, the carpet is sold 
as if of the next superior quality ; if half is gone, it is 
often sold ns of bo many frames and a half. But wfaeu 
well managed, a four-and-a-half frame carpet can often 
be sold OS a five-frame carpet, and thus the manu- 
facturer saves 130 threads throughout the entire length 
of the carpet. Such goods, with incomplete threads, 
do not wear bo well as those with the full nnmber of 
yams; for wherever threads are lefi out, the carpet 
is thinner than where oil the threads are present. 
See Figs. 1, % and 3. 

The " gammot " being given to the weaver, he applies 
at the " yam room " far such bobbins of worsted as he 
raquiros for the formation of the particular pattern ; 
and these are eeleoted tram the " standard colours." 

As it oftta happens that a dealer has not sufficient 
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*rpet to cover the floor of a 



room, new pieces Wte ttc«i<a£na^ to \» tnBdQ,w 




shall eiactly match with pieces previoaaly woven. 
T]uB necemtates the employment of a given munber 
of eolours, pieeea of all of which are most carefully 
preserved. Tho composition of the dye with which 
each etikudard colour has been produced is carefully 
noted, and the utmost care is necesearj when freeh 
yores ftre dyed, in order that thoy exactly match the 
standard, for if ever so little ont, tlie imperfectuese of 
the match mill be apparent, when large masses of carpet 
are onited. 

The endlesB chain of cards ie now hung over that 
part of the Jacquord apparatus which is prepared to 
receive it, and the loom, having its yarns properly 
arranged, is set in motion ; the loom now forms the 
fabric, and the Jaeqnard apparatus gives to it 

The first seat of the Brussels carpet manufacture in 
England was Wilton, where it was introduced from 
Tournai in Belgium, It was established with ua about 
a century since, or rather more. Kidderminster now 
supplies tho great majority of such carpets, but they 
also made in Bridgnorth, Halifax, Glasgow, and 
places. 

What are now termed Wilton carpets may be de- 
BCTtbed as Brussels carpets with a velvet (instead of a 
looped) pile. They are made in exactly the same 
manner as Brussels coipots, only the wire over which 
tho warp threads pass, in order to the formation of the 
looped surface of the Brussels carpet, is larger, and its 
end ie flattened into a blade resembling that of a 
pocket-knife. The increased size of tho wire makoa 
bigger loops, aad the knife blade cute ttie \wi^ «& ■&* 
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is drawn from the carpet. When made, tliis 
;pet is damped, and then passed over steam drums 
ith the cut loops outwards, and thus the pile is raised 
to an even velret-like surface. 

There is a class of pattern which is not well 
adapted for the Wilton fabric, as such patterns involvs 
the cutting of a donble sot of cards, and thus double 
the expense tLat ia necessary to the production of a 
more suitable pattern. Such patterns arc those nhlcli 
repeat hy folding, as Figs, 6 and 7. 

The cause of tho unsuitability and expense of such 
patterns is this : the pile of every Wilton carpet 
points, more or less, in one direction, and thus when 
one strip of carpet points in one direction, and the 
next strip in the opposite, the joined carpet looks Hie 
" lah rolled field of young grass. To obviate this, 
strips, the one of which I may describe as left- 
ided, and tho other as right-handed, have to be 
woven, in order that the pile in the juxtaposed strips 
may point in the some direction. 

Carpets are always so shown hy the seller, that the 
3r looks into the pile, for when seen in this 
they look better than when viewed along the 
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^■Owing to the length of the 


. pile of the Wilton 


1 carpet 


^^^g greater than that of the loops of the Brussels, 


^^BKg. T ihowB 1 pai'ticuUr kiml o 
^Tffip rnnning in onu diiiiiition, Hnd 
ttOft. It is a class of jrttterQ wl 
MToet, but not for the WiltoD fabri 
These Bgures are men; diagmm 
width of mrpet would conaiit of 
instead of twenty- tivo, aa shown in ■ 
he woTen with three full frunea of 
thiee-franiE BriuKSJs. 


f pattern which repeats hj one 
the next in the opposite direo- 
lioh ie Euitable tor a Brussels 

two hundred anil siit; thread* 
liur figures. Tliia pattern wonlJ 
yarn, lud ii '.heteteft n "jei^tW. 
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A jard of Hie former contaios abant oD&-foiirtti more 
yarn than a jard of tbe latter, and is proportionally 
man costlj. 

Following the process by which BmsEelB and Wilton 
eupets mn> produced, came a method of mtumfactiire 
in which the Jacqoard apparatus was dispensed with, 
and by which the siae of the loom was materially 
deeieascd. The long frames in which the bobbins of 
yarn aie arranged aie situated behind the loom, ae I 
hare before said, and are aboat twice as long as the 
loom itself. When these are dinpensed with, a loom 
only roquiree one-third the space that it does when 
these ar« attached. 

This new method consists in printing a pattern npon 
the warp threads, while arranged in a parallel eeries 
ready for the loom, with saoh dyes as shall penetrate 
tbe snbfltuice of the yams, and then in weaving these 
Ihredb into a fkbric. 

In Older that fignrGs shall appear on tbe finished 
bbrie of proportionate character, it is necessary Uiat 
the pattern, as printed upon the warp threads, be mnch 
•loa^tvd, fi» it is oidy the upper portion of each loop 
thai Aom upon tbe snrfaee of a carpet, while the loop 
itsolf ra^nires a considerably latter amount of yam in 
«td«r fitr its fotmatioa. 

By thia prtw«« ti» "ftamaR- of the Bmssels loom 
an done »w«J with, as tbe entire vwp threads are 
wmnd UptW one rwUer, or beam; and the Jacqnard 
appumtiw with its t-ards is also dispensed with. 

Thi« pr,»>Ma of UMoiufiK-lnR) is, however, nnsatiB- 
ftwtvwy. Th» UgHrw which it prvJucea are indiatinot^j 



^Hnd have a "sheeny," or dazzling effect, for all the 

^^^leods cannot be brought exactly into place, owing to 

little iuequalitieB in their thickneea; and nolces the 

ntmcBt exactness can he secured, oirpete thus formed 

The method of manufacture juBt described involveB 
the cutting of a fresh set of blocks for every new pat- 
tern — one blotik for each colour, just as in any other 
^■^ocesa of printing ; but the number of colours which 
^HKcan employ is limited only by exponse. 
^PP A Mr. Wbytock, of Edinburgh, invented a process 
^^tiy which carpets could be formed of dyed warps without 
new blocks being cut for each fresh pattern ; and by his 
method, what are termed " tapestry " and " velvet-pile " 
^^wpets are produced—the formor having a surface of 
^^feops, as the BruesclB, and the latter of cat loops, as 
^^B^ Wilton carpet. 

^* This process, whUe moat ingenious, is also most 
difBoult to explain ; but I wiU try to make the method 
understood. 

The pattern fixed upon is handed to the " putter on," 
who makes the necessary rule-paper drawing ; only in 
this instance the paper is not divided into sqnarea, 
but into parallelograms, or oblongs, Mg, 9, This 
elongation of each stitch, like the elongation of the 
entire pattern in the last method of manufacture, is 
rendered necessary by the loop taking up a certain 
amount of thread for its formation, while only the top 
of the loop is visiblo on the surface. 

The pattern, formed of elongated stitches, and thus 
^■^elf elongated, being completed on the rule-paper, is 
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the Toiler, or by employing a, roller having the width 
of three stit<:hcB, wheu one passage of the dyo-trough 
will safB.cG. This pruceEs is continued till the entire 
drum of yarn ia dyed, whea it is removed, being now 
ready fur the loom. Thus one thread of the warp has 
been formed. 

I have said that one thread of the warp is thus 
dyed. More thaa that has, however, to be done ; for 
if the first thread of the pattern was that which is 
dyed, we have not only a warp thread of this pat- 
tern produced, but perhaps a first thread of this 
one pattern for six, eight, or twelve warps, aecording 
as six, eight, or twelve hanks of yam have been wound 
on the drum. Each hank formfl ft thread of one warp, 
and each warp makes some seven or eight pieces of 
carpet of thirty-five to forty yards in length, or from 
about 240 to 320 yards of carpet. 

In like manner a second strip of the rule-paper 
is now taken and fresh white yam is wound aroimd 
the drum. It is then dyed in croas stripes according 
to the plan of this second strip of rule-paper, when 
it ia removed, it being ready to form a second warp 
thread or a series of second warp threads. A third 
strip of rule-paper is taken, and a drum of yam i» , 
dyed in accordance with it, and thus the third v 
thread, or series of third warp threads, is fonnsdj 
and so on ; the process being repeated till a sufS-T 
(dency (two hundred and eighteen) of threads iam 
been dyed to form the entire warp, or a series e 
entire warps. 

If the pattern repeats but once in the width of tl»^ 
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to other hands, and is by them cut vorticftlly 
between each row of etitches. Fig, 10. 

The patterns employed upon tapestry carpets gene- 
rally repeat in either 648 or in 86i stitehoB, but 
TBrions makers probably employ various Icngtiis of 
pattern. 

An enormone tin drum, having a circumference which 
measures exactly that of the amount of yarn necessary 
to form tho 648 or 864 stitches, is divided by an indei, 
which borders one end, into the number of stitches 
which the yarn on its circumference is to form ; thus 
it may be divided into 648 equal parts, or, if larger, 
into 864. The threads upon the rulo-papcr strip, 
whether they bo of the nmjiber of the divisions of the 
drum, or of such a number aa will equally repeat in 
this number, are marked eo as to correspond with the 
consecutive divisions of the drum. Upon this drum 
one layer (which may, however, eouBist of six, oiglit, or 
even twelve hanks of yarn, so large are tho drums) of 
yam is wound ; tLe drum therefore, when covered with 
yam, looks much like a monster ootton-recl, only it 
,>luts no projecting rim, and caniea but one layer of 
[thread. Fig. 12. 

Underneath tho centre of this drum, and passing in 
the direction of its axis, is a small railmad, with its 
rails a few inches apart. On this run little wheeled 
troaghe, in each of which is a roller Laving its external 
surface formed of folt^the roller being situated partly 
in and partly out of the trough, just like a common 
grindstone. 

For the sake of convenience, these rollers are of 
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the roller, or by employing a. roller having tho width 
of tliree stitchea, when one passage of the dye-trough 
will sufRco. This process is continued till the entire 
drum of yum is dyed, when it is removed, being now 
ready for the loom. Thus one thread of the warp htis 
been formed. 

I have sntd thnt one thread of the warp is thna 
dyed. More than thnt hae, however, to be done ; for 
if the firet thrend of the pattern was that which is 
dyed, we have not only a warp thread of this pat- 
tern produced, but porhapK a first thread of this 
one pattern for six, eight, or twelve warps, according 
as sii, eight, or twelve hanks of yarn have boon wound 
on tho drum. Each hank forms a, thread of one warp, 
and each warp makes some sovon or eight pieces of 
carpet of thirty-five to forty yards in length, or from 
about 240 to 320 yards of carpet. 

In like manner a second atrip of the rule-paper 
is now taken and fresh white yarn is wound aroimd 
the drmn. It is then dyed in cross stripes according 
to the plan of this second strip of rule-paper, when 
it is removed, it being ready to form a second warp 
thread or a series of second warp threads. A third 
strip of rule-paper is taken, and a dram of yam is 
dyed in accordance with it, and thus the third warp 
thread, or series of third warp threads, is formed, 
SJid so on ; the procesB being repeated till a sofS- 
cioncy (two hundred and eighteen) of threads hain 
been dyed to form the entire warp, or a b 
entire warps. 

If the pattern repeats but once in the width of thfr^ 




! widtJie; but this is only a means of Baving 

, and the principle would be the eame if eacb 
were oaly the width of one stitch, as shown in its elon- 
gated form on the rule-paper. 

Into each trough dye is poured ; and when the dyes 
necessary to the formation of the particular pattern 
have been prepared, one in each trough, the rule-paper 
is observed ; and if the first stitch of the pattern is 
red, a trough of red dye is passed along the rails, and, 
owing to the situation of the drum of yam, the upper 
part of a narrow felt roller in the red dyo trough 
presses upwards upon the drum, and dyea a red stripe 
across it of the width of the one elongated red stitch. 

The drum, which rotates on its axis, and the rotation 
of which is measured by an arm, and by its index, is 
now moved, so that the line alrea<ly printed across the 
drum may just be escaped. Pei'hapa the next three 
etitches are green. In this case, a trough of green 
dye is placed on the rails, and run under the dram, so 
as to dyo such a width of the drum as shall bear the 
yam necessary for the formation of these green stitches. 
This will be accomplished by a felt roller, ha'jing the 
width of one elongated stitch, being passed three times 
under the drum, the drum having been moved on its 
axis the length of one stiteh between each passage of 
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the roller, or by employing a roller having the width 
of three stitches, when one passage of the dye-troagh 
will suffice. This process is continned till the entire 
drum of yam is dyed, when it is removed, being now 
ready for the loom. Thus one thread of the warp has 
been formed, 

I have said that one thread of the warp is thns 
dyed. More than that has, however, to be dons ; fur 
if the first thread of the pattern was that which is 
dyed, we have not only a warp thread of this pat- 
tern prodncod, but pcrLape a first thread of this 
one pattern for sii, eight, or twelve warps, according 
as six, eight, or twelve hanks of yam have been wound 
on the drum. Each hank forms a thread of one warp, 
and each wai-p makes some seven or eight pieces of 
carpet of thirty-five to forty yarda in length, or from 
about 240 to 320 yards of carpet. 

In like manner a second strip of the rnle-paper 
is now takeu and frosh white yam is wonnd aroimd 
the drum. It is then dyed in cross stripes according 
to the plan of this second strip of rule-paper, when 
it is removed, it being ready to form a second warp 
thread or a series of second warp threads. A third 
strip of rule-paper is taken, and a drum of yom is 
dyed in accordance with it, and thns the third warp 
thread, or series of third warp threads, is formed, 
and so on; the process being repeated till a suffi- 
ciency (two hundred and eighteen) of threads have 
been dyed to form the entire warp, or a series of 
entire warps. 

If the pattem ropeata bat once in the width of the.^ 
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(27 inches), the threads necessary to form a 
icertain number of entire warpe must be printed ; thus 
the dnmi must be rewound with yam and reprinted 
two hundred and oigliteen timoe; but if the pattern 
repeats twice, or more times, in the width, tben two, 
three, or more of the warp tlireads will ho alike. In 
this case the one printing will prodnce two, three, or 
more threads of the one wnrp, for two, throe, or more 
of the warp threads are alike. Thus, if sis hanks of 
wound upon a drum, and it were printed to 
a thread of such a pattern as repeated six 
the width of the fabric, sis threads of the one 
luld he produced, as they ure alike ; whereas if 
pattern had but one repeat in the width of the 
carpet, they would be used to furnish six distinct 
warpa each with one thread. When the warp threads 
are printed, they are " steamed," in order that the 
dyes may the more fully enter the pores of the yams, 
and then they are handed to the " setters," who place 
them in " setting frames," and arrange the varions 
ttireade in the same relation to one another that the 
strips of the rule-paper held in relation to each other 
before they were separated hy cutting. This having 
been done, the pattom bocoraes visible, although much 
igat»l, and the warp resembles the printed warp 
the last process which we have considerod. 
The warp being now " set," or arranged, it is wound 
upon a beam or roller, and transferred to tho loom, 
where, by the common process of weaving, it becomes 
ft fabric ; only the fabric when produced is figured, 
for the warp threads had a pattern dyed upon them. 



120 BRITISH MASVFACTURISG INDOSTSIEB. 



The advantage of tbis procoBB is cheapness of 
dnction. It, like the lost process, does away witb 
large frames of the Brussels loom, aud, like it, effecte 
A saving in ground space. It also resembles the last 
process in removing the necessity for the Jacijuard 
apparatus with its cards, and in roqairing only a 
simple loom for the weaving. But it has this great 
advantage over the last process— it does away with 
the costly blocks with which the yam was previously 
dyed, while, like the last method, it can employ an 
unlimited number of colonrB, hut this it docs without 
mateiially increasing the cost of production. 

The objections to tho process are — that, owing to 
the warp threads being printed, tbe dyes run into one 
another and produce muddinoss of etfect, which be- 
comes extreme when a dark comes next to a light 
colour. Also, owing to the difficulty of " setting " 
the warp threads with exactness, the pattern when 
woven has an irregular, broken, and most nnsatis- 
factory appearance. To anyone having artistio taste, 
they can only be offensive, and it is also quite imprac- 
ticable to make a small quantity of tapestry carpet. 

" Tapestry " carpets have a looped surface 
BruBsels, but the loops arc often cut, when a " vc 
pile" carpet is formeiil — the velvet pile bearing 
same relation to tajiestTy that Wilton does to firusi 

Tapestry and velvet-pile carpets have been ehii 
made in Yorkshire, and the Crossleys have been tl 
largest producers ; but Kidderminster is no 
commencing this manufacture^ a feet which 
not but regret, as tbe fabric when produced ia 
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unsatisfactory character ; it 



I Carpets are also formed by a plain fabric being 

ivea with the looped sarfftce of BvusaelB, and by this 
(eing printed npon by blocks. This process is chiefly 
worted by the Messrs. Bright, of Rochdale, but it ia 
as UBHatififactory in its results as the last me thud, 

A most ingenious process by which beautiful car- 
peting is produced was demised by the Messrs. Tem- 
pletoD, of Glasgow, a few years since. It hears some 
analogy to the method by which tapestry carpets are 
produced, only tho results achieved by Messrs. Tem- 
pleton oi'o as satisfactory, as those attained by the 
tapestry process are offensive. 

The Templeton process produces what are termed 
patent Asmingtcr carpets. In appearance tboy closely 
resemble the true knotted Asminsters, but they 
ore cheaper, being wrought by s more mechanical 
method. 

The pattern is first put " on lines," as in tho former 
processes. Fig. 15. When complete, tho rale-paper ia 
cut acroBg (not vertically as in tho last case) between 
every thread. Fig. 16, Theao strips are now joined by 
their ends, and thus form a long continuous strip. But 
the right-hiiud end of the top strip will be joined to the 
right-hand end of the second, or nest, strip ; the left- 
hand end of the second to the left-hand end of the 
third strip, the right-hand end of the third to the 
right-hand end of the fourth, and SO on, till all have 
been joined. See Fig. IG. 
L-This strip will now be handed to a weaver, who ploeea 



BRTTISFI MANUFACTnUISO TSDUSTSft 

it paTnllel with tho warp threads in hei simple loom 
(for the weavers are here girls) and weaves a striped 
fabric of the same pattern as this single strip ; thus 
There there is one red stitch {or square) on this paper 
strip, she throws across a shuttle of red yarn, and where 
there is a black stitch (or square) on the paper, she 
throws a ahnttlo of black yam : and if there arc four 
Btitchea of green on the paper, she throws a shuttle of 
green jam across four times, and ho on, thus pio- 
dooing, by the agency of the Lempon warp-tbreade, 
and the worsted weft, a fabric consisting of coloured 
cross stripes. Fig. 18. 

This fabric being woven, it is cut into narrow vertical 
strips, each strip being from half to three-quarters of 
an inch in width, and each of such strips constitutes 
what 18 termed a chenille tliread. See Fig. 18, top 
rigbt-batid corner. 

The chenille thread being formed, it is wound upon 
bobbins and is passed to another weaver (a man), who 
places a bobbin in a shutile, and, having bis loom 
prepared with simple threads, commencce to weave, 
employing tho chenille thread as a weft, and nsing the 
ntmoBt care to keep the two cut edges of the chenille 
thread upwards ; but in this be is aided by the nature 
of the thread which he employs, for a chenille thread 
is so woven that its edges have a tendency to rise in 
one direction. 

It is apparent that, as the weaver now places his 
chenille thread just as the various strips of t)ie rule- 
paper were situated before being cut apart (Figs. 15 
and Ifi), the pattern which the rule-paper presented 
now makes its appearance in tha chQnille fabrics as it 




Fig. 15 is a role-pHpcr drawing of n " cheniWe tav\ie'." o\ "■ YAfcii'\. 
Jiaieeter." Fig. 16 is the same cut into atii™. 
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is produced ; tlio cut edges of the chenille thread 
forming tbe cienille or velvet surface of the carpet. 

Patent Aimiuster carpela may be very beautiful, 
and may bear a close resemblance to the gorgeous 
carpets of India and Persia ; any Dumber of uolonrs 
may be employed in their production, and these coloura, 
through being derived &oui separate yams, do not ran 
into one another and produce muddy and confusedsesB 
of effects. They are, however, more expensive than 
Wilton carpets, but less costly than the knotted carpets 
of Axminster. 

By the patent Axminster process many hearthiugs 
are made. Others, termed thumb rugs, are formed by 
the true Antiinater procesa, and others by the tapestry 
and velvet-pile methods. 

All fabrics with a cut or velvet- pile surface made in. 
England are, when woven, passed through a shearing 
machine, which trims the surface and gives evenness to 
the fehric. Persian, Indian, and Moorish carpets are 
not treated in this maauor, hence they have a more 
artiBtic appearance. 

I have now described the methods by which nearly 
all carpets are produced, but I have not called attention 
to the introduction of the power-loom. 

Up to the time of the Exhibition of 1851, or nearly 
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Hki, all carpetB were wrmaght either by the fingers or by 
■£he band-loom, but about this time a great revolution 
Ptn. their mocle of production set in, as steam-power was 
rBow applied to the working of the looms, and thus to 
mfhe production of carpets. 

B The power-loom was the invention of a Mr. Bigelow, 
^fal American. With a baud-loom a man can weave in 
Hf day about seven yards of Brussels carpet, but by Mr. 
Isi^olow's loom about twenty yards can he manufactured 
KB the same time. 

P Here we have the commencement of a new system 
of weaving ; and with marvollous rapidity steam-power 
Bttperseded hand labour. But improvements wore soon 
made upon Mr. Bigelow's invention, by which the 
^'KOtioD of the loom was materially quickcnod, and its 
[^Idng rendered more accurate : thus wo have the 
i the present, which will weave from thirty-fiye 
'" to forty yards a day. 

Brussels, Wilton, tapestry, and velvet-pile cotpeta, 
amongst the more elaborately figured fabrics, are now 
almost eicluaively woven by the power-loom ; but np 
to this time, the patent Axminster procesa has not 
yielded to tbo more modern method. 

Certain improYcmonta have recently been mode in 

rpets which we cannot regard as bringing about any 

r kind of fabric, for they arc rather attempts at 

l-doiug away with sundry defects in what has hitherto 

existed. Thus the back of a common Bmesels 

carpet, na well as of the tapestry fabric, ia hard and 

harsh, and tends to cut the upper surface when in wear. 

^Kl To obviate this difSculty in the case of Brussels 
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carpets, two motliods have recently been adopted, the 
one rei^nlting from a new mode of formiug tbe backing 
of the carpot, bj which a soft, instead of a hard back 
is obtained, and the other in covering the back with a 
Boft cork -like eubstance. This latter invention is 
intended bIbo to give protection &om damp floors, and 
especially to increase the durability of the carpet when 
on stone or uneven boards. With the same object in 
view, thick felt has hitherto been placed under carpets 
when they are spread upon stone or an uneven surfece, 
and it is the use of this folt, which the inventor of this 
cork-liko hocking seeks to save. 

Patterii. — I now come to consider what class of 
pattern should bo applied to carpets : and first I would 
notice, that whenever a great civilization haa arisen 
and the arts have attained to high development, pic- 
torial representiitiouB of flowers and landscapes have 
never occurred upon carpets : hcnco, by the unanimous 
consent of the cultivated of oil ages, these have not 
been regarded as befitting decorations for a floor 
covering. 

The finest models which wc have to study at the 
present day are the carpets of Persia, ludia, and 
Morocco ; in none of these do we find natural repre- 
sentations, but on the contrary a rich subdued, mingled 
beauty, which none can fail to admire. There is a 
neutrality of effect with fullness of colour, u sub- 
dued aspect with gorgeousness, enlivening qualities 
without ohtpusivenesa. 

A carpet, as used with ns, is a background on 
which furniture is to rest, and against which it is to 



rjto Been to advsntage; it nmst therefore be nentral in 
fctfimracier and not nudnly attractive. But uontrality 
Bdoes not imply muddinesa of aepoct ; on the contrary, 
BBhe most glowing colours may combine to produce a 
Bgeniral tint, but if bright colours aro employed with 
Bfhie object, they must be need in the emalleet of 
H^iaBBCB, and bo iuteiniized as much as peBsible, — many 
^^itcbes of one colour never coining together. 

This glowing neutrality is often that which is moat 
deeirable as a background, and it is that which the 
Persians so skilfully produce. The IndiauB often 
r to a Boniewhat lower key than the Persians, yet 
never obtain mnddiDoss in their eSects, thongb 
lino cases the patterns of India and Persia aj% 
intical, as I have already pointed out, and in these 
e the colouring is also sinulttr, 
' Moorish carpets geiiernlly contain more yellow than 
ai Persia or India, but the yellow is often in 
L tertiary form, or in combination, as well as separate 
I pure. Thus, besides lemon and orange yellows, 
9 have citrine and yellow greens; and I have seen 
Morocco carpets which, for beauty of colour and 
harmony, were unsurpassed by anything that I have 
erer seen in the way of woven fahricH. 

There are certain forms and certain peculiarities of 
Oriental carpets which deserve at least passing notice ; 
thns, the pine form, as it is termed, or Persian pine, is 
common on the carpets of Persia. Many will know the 
form better as occurring on Cashmere shawls. Thia 
shape is used as a. carpet pattern, being simply and 
l.iegnlarly distributed over the surface, and it is also to 



be found in a mncli transmiited, or modified, state in 
many of the Eastern patterns. This pine form has to 
the Persian, and also to the Turk, a special sigaifi- 
oance, fur it ie the sacred cypress tree which thoy 
plant in thoir comctorica ; and on Persian earthen 
vcBsola I liavG tracod ovory modification of form, from 
that of the tree as naturally drawn, to the extremely 
conventional shapo known as the Persian pine. 

Many Oriental rugs have patterns which point in 
one particular direction — to one end of the rug. All 
sncL nigs are prayer carpets. When the mg is set 
towards Mecca, the devotee prostrates himself upon it 
and performs his devotions ; bat those carpets wbioh 
arc made as floor or ottoman covers, never have sacb 
patterns applied to thom as point in one particular 
direction, Soaio arc only decorated with the pine 
form, BO as to remind thoao for whom they are made 
of their dead. 

It is curious to notice how both the Pereiana and 
the Indians produce, as it were, many patterns out at 
one design, by employing various methods of colour, 
If their patterns are attentively considered, it will be 
found that many of them contain star-like or flowoi- 
like ornaments, which are so situated in relation to 
one another as to form squares. By making all of these 
flowers light in one case, and dark in another, great 
diversity of effect is produced. In some instances, how- 
over, certain of the flowers are made dark and others 
light, and changes of this character are brought about 
in the most ingenious manner and with such con- 
summate skill, that we have to look attentively, 
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to discover that the whole of the effects prodnced 
nsnlt irom modifications of the one pEtttcm. 

There are mBuj roasoiiB why small pttttems founded 
on B. geometricnl basia, snch as the FereianB, IndtaiiB, 
and Moors use, are preferable to large and natnroliatic 
treatments of flowers asd landscapes. 

Ist. A floor is an architectural and not a natural 
fiiitface. It should therefore hear upon it ornament 
anitcd to its nature, and such as giyes to it a proper 
place in relation to other architectural members. 

2nd. Ornamenta, flowers, or whatever has a pictorial 

treatment, is drawn in perspective, and being in perspeo- 

[vOjitcanonly be seen correctly from one part of ft room, 

latever is already in perspective, and is yet so seen 

sufier a, second foreshortening, is unsatisfactory. 
3rd. Every pictorial composition should be of snch 
a nature that all its parts are necessary ta complete- 
ness, and that it can only be satisfnciory when seen as 
a whole. Small patterns which repeat many times, 
suffer little through being in part hidden by furniture, 
bat pictorial jiatterns suffer much. 

4th. Aa a flour is a flat surface, the object of the 
lentist should therefore be to make the floor look 
beautiful as possible as a background, without de- 
lyittg its proper qualities, or apparently disturbing 
welcomo flatness of surface. 

"We have seen that the pattei-ns which Oriental 
its present never point in any one direction unless 
ire is a special, a religious reason for their so doing, 
we consider the teachings of nature, we shall per- 
LTO that the Eastern nations are right in not letting 
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the patteruB point ia one particular direction. If we 
wander over a moor, the only plants that wo can walk 
upon are tlioge which are extremely short, and which 
H-lifee grass. These we see from 
ahove, anil those aro the ornaments of aatnre's carpet, 
Bat as wo seo them, they all send out leaves and 
flowers from u common centre, anil are star-like, or 
radiating ornaments. Not one points in any particular 
direction. 

r a shnib from the aide — any- 
thing that is large enough to bo seen against the 8^ 
as a backgronnd— it points npwards ; but as thus seen, 
it is the ornament of a vertical surface, and is a type of 
wall ornaments, and such may well point in one direc- 
tion ; but floor patterns should always point in four a 
more ways. 
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X of dyeing oonsista in tho impregnation of the 
omteriHl witli certain foreign aubstttncea or colouring 
matters, including all bodies, whether of animal, Toge- 
tttble, or mineral origin, which are used to impart 
colour to Tarioiie materialB. 

In this article I shall only treat of dyeing in its 
application to organic fibres. 

To produce bright and delicate colours, it is neces- 
sary that the fibre should be freed, as completely as 
possible, from natural colouring matters anil all other 
impurities, before it is subjected to the process of 
dyeing. 

From ancient records it appears that certain me- 
thods of dyeing have been hnomi and practised from 
time immemorial. The Tyriana were celebrated for 
their fine purple dye, said to havo been obtained from 
two different kinds of shell-fish. The ancient Indians 
and Egyptians also succestsfully practised the art, and 
were even able to produce coloured patterns upon 
woollen and cotton labrics, by processes analogona to 
thoBO now in use. 

Vegetable and animal fibres differ considerably in 
'■ tiieir power of attracting colouring matters ; the latter 



poBScfiBiDg tliis property to a mach greater extent thsn 
tlie fonaer. 

Vegetable fibrea generally require the aid of some 
eabstance to eff«'ct the adhesion to tliem of culouriug 
matters, whilst animal fibres, for the most part, nill 
retain the colouring matters without it. The term 
" mordant " is applied to these intermediate substances. 
Boucroft has grouped colouring matters under two 
claRses, the first including those which can be fixed 
npon the fibre without the intervention of an earthy or 
taineral basis, e. g. indigo, safflower, &c. ; and the 
second, those which ore incapable of fixation, except 
through the mediation of some such basis, e. g. madder, 
cochineal, &c. To the first class he gave the name of 
" snbstaatiTe," and to the second that of "odjectivo" 
colours. 

In the process of dyeing, the goals, either moTdanted 
01 not, according to the nature of the fibre or colouring 
matter, are generally immersed in a solution or decoc- 
tion of tho colouring matter, which is then gradually 
heated to tho boiling point. If, under these circum- 
stances, the matter is atti'acted to the fibre and rendered 
insoluble in water, the colour will be retained ; but if 
otherwise, it will he removed when the goods are placed 
in contact with water. Hence the term " fast " is often 
given to those colours which resist the domestic opera- 
tions of washing, without material alteration in the 
appearance of the gooda. The main object of tho dyer 
is to affect the fixation of tho colonring matters as 
completely as possible, though the degree of fastness 
required must necessarily vary according to circum- 



BtoncQB. Tho permttnence of eoloitrs, i.e. the power of 
resisting the destructive agency of the air and light, 
is alBo & matter of importance, for colouring matters 
differ much in this respect. 

Ab regards the theory of dyeing, two different onea 
have boon advanced to eiplain the mode in which 
colouring matters become attached to orgnnie fibres. 
The one attributes the adhesion to mechanical, rather 
than chemical agency ; the other considers that a 
nniou of a chemical nature is effected between the fibre 
and tho colouring matter or mordant. The former was 
enunciated by Hellut, who held the opinion that eolonr- 
ing particles are admitted into the fibres through pores 
or cavities, trhich, under the influence of heat, open 
to receive them, and are closed again when cold, the 
colouring particles being covered with a kind of cement, 
left in the pores by the salts used in thoir preparation. 
According to Lo Pileur d'Apligny, who supported the 
same theory, the different behaviour of varlons fibres 
towards the same colouring matter arises from the size 
and number of the pores being greater in one case 
than in aimther. The chemical theory was held by 
Bergman, Macquer, and other chemists, all of whom 
considered that the fibre itself possesses a chemical 
attraction for the colouring matter or mordant, and 
that this takes place rather on tho surface of the fibre 
than within its pores. This theory was generally held 
until 18i3, when the late Mr. Crum revived, to a certain 
extent, the mechanical idea. In 1846 M. Persoz pnl>- 
lished his ' Traits de I'lmpression des Tissus,' in which 
^Liie cuutruverled the opinions of Mr. Crum. In 18G3 
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Mr. Cr«m broiiglit forward freeb illnBtratioDB in support 
of liiE views,* and answered most of the objectiosB that 
had been raised against them, explaining so well many 
of the phenomena connected with the fixation of coloor- 
ing matters upon cotton goods, tlmt his opinions are 
generally recognized at the present time. He discarded 
the notion of a chemical onion, considering that the 
attraction of the fibre for colouring matters, which he 
admittett does exist in some cases, is analogons to the 
force which enablea chm'coal to absorb gases, and to 
attract solid suhstauces from their aqueous Golutions. 
Mr. Grum thonght that tlie walls of the fibre must be 
porous, since organic membranes allow of the passage 
throagh them of certain substances in a state of solu- 
tion, although no lateral perfuiations can be detected, 
even with the aid of the most powerful microscopes. 
Hence he concluded that substances applied to cotton 
as dyes, or for the purpose of attracting dyes, become 
fixed in the fibre in one or other of the two following 

1. They arc attracted, and precipitated from their 
solutions by the pores of the cotton. 

2, Thoy enter these pores in combination with an 
aeid, or other solvent, and in a state of solution, and 
are there fixed, not by the effect of porosity, but by the 
subsequent removal of their solvent, or by other means 
which render them insoluble in water. 

The successful development of dyeing processes has 
been accomplished by a thorough a«iuaintance with 
the ohemiual properties of colouring matters. Dyeina^ 
* ' Cliem. Jour.,' ivi. 1. '^H^l 
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B eaaentiEilly a chemical art, and its nnmerone pro- 
n the application of eheniical principles. 
Within the last ten or fifteen years the art of dyeing 
has receivod enormouH impetus, from the discoyery o 
many new colouring matters prodncod by ajrtificial 
means ; notably the eo-ealled aniline coIoutb, which 
on account of their brilliancy, variety of shade, and 
the ease with which they can be applied, have super- 
seded, to a great extent, the nee of many of the older 
dye stuffs; and more recently by one of the most 
important chemical discoveries of the present age, viz. 
the artificial propuration of alizarine, which 
I wroaght quite a revolatioa io the dyeing of printed 
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Dyeing is most intimately associated with calico 
printing, which may be looked upon as a prelimi 
operation, to be followed by others which '. 
more or less, the character of dyeing. The great 
object of printing is the production of a dyed fabric, 
not necessarily of one uniform colour throughout, but 
impressed with a figure or pattern consisting of o: 
more colours. The two chief modes in which printing 
is performed are called block and cylinder printing. 
In block printing, the colouring matter or mordant 
is applied by means of wooden blocks, worked by 
hand. The size varies according to the pattern, 
vrhicli is drawn and cut in relief upon the wood, or 
formed by the insertion of small slips of flattened 
copper wire, the interstices being filled np with 
felt. Each block is furnished with pin points at the 
comers, to enable the printer to place it in its proper 



position upon the cloth. The mordants, properM 
Ihickened to proTont their sproadiDg beyond the limin 
of the design, are eproad upon b Alo woollen cloth, 
stretched tightly over a wooden hoop or drum, colled 
the " sieve," which is rendered elastic by floating it 
npou some size or paste in a shallow tub. The 
printer chargos his block by pressing it gently upon 
the sieve, and then transfers the adhering colour to 
the cloth spi'oad upon the printing table, the top of 
which consists of a large flag resting firmly upon an 
iron framework ; its surface, which must bo perfectly 
smooth and horizontal, is covered with a blanket, to 
give it elasticity. The pieces to be printed are first 
smoothed fay calondering, then wound on a roller, &om 
which they are again unwound and drawn over the 
table as the printer proceeds with bis work. By 
repeated applications of the block the pattera is pro- 
duced in one colour only, and therefore, if the design 
consist of more than one colour, tho same number of 
diflerent blockings will bo required. By modifying 
the construction of the sieve, it is, however, easy to 
apply several colours at once by means of one and the 
same block. The sieve called the " Toby " consists of 
a block of wood in which hollow spaces are scooped, 
corresponding in number, size, and position with the 
colours in the design, each space corresponding to any 
particular colour being connected by tubes with a 
small reservoir of that colour ; while a bottle of the 
same is inverted over that in the reservoir, to keep tip 
the supply. The surface of the sieve is covered wi^ 
a woollen cloth, through which the colours penetrate, 
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'■md to preveDt tliein from running together ftnil mixing, 
« piece of string is cementod to tie cloth along the 
bonndory of the apaces. The block is furnished with 
iron pegs which slide down guiding groovee at the 
of the sieve, and so canBO the hlock to be always 
dipped ill the same place. Other forms of sieve are 
used for special purposes, but I have not space to 
■deaoribe them. The printer, after completing each 
teble length of hia pattern, draws this portion of hie 
piece over a roller, and o number of ruila fixed to the 
ceiling of the room, in order to dry the colours. 

Various machines have been constructed by which 
block printing can be mechanically performed. The 
most important of these is the Ferrotine, which, though 
fretLuently found in French print works, has not come 
into common use in tids counliy. 

Of the many mechanical invontions introdneed from 
time to time into the maniifuctiire of printed and dyed 
fabrics, that of the cylinder printing machine is the 
most important ; for by it we can print one or more 
colours upon the cloth at one operation, with won- 
derful accuracy and speed. The thickened mordants 
are applied, in the first instance, to engraved copper 
cylinders or " rollers," from which they are transferred 
limmediately to the cloth by pressure and rotation. A 
,tQ roller is required for each colour, and there- 
llbre a pattern consisting of more than ose colour is 
dissected, and the varions parts engraved upon different 
rollers, each of which must be a few inches longer than 
ite width of the cloth to be printed. The pattern is 
reconstructed or produced upon the cloth by adjusting 
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those roUere in tlio machme, so that each will apply its 
colour in the proi)er place. 

The cylinder printing machine consists of two similai 
cast-iron frames, fixed in a vertical position, at a dis- 
tance of from tljreo to fonr feet apart. These fromeB 
support tho axles of the copper rollers, also those of 
the presBuro bowl, round which the cloth is inodo to 
travel, and against which it is pressed hj the copper 
rollers. The annesed diagram will enable the reader 
to acqniie a general idea of this machine and its mode 




f action. A represents the pressure howl, covered 
with several folds of woollen cloth to give it elasticity ; 
around this travels an endless hlonket, or sheet of 
mackintoBh E, forming a guide for the cloth P, which 
passes along with it between the bowl A and the 
1 rollers B. The latter are on strong iron 
mandrils, the ends of which rest in hearings snpported 
by projecting aims of the end frames of the machine. 
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[' These bearingB are plncod ia slots, and have attacLed 
to them a system of screws, levers, and weights, by 
which the rollers can he forcibly pressed against the 
bowl. The rollers revolve by toothed vtheels, one 
being fii&l to one end of eaeh mandril, and all vforking 
1 the teeth of a large spur wheel, in connection with 
the main driving shaft. The friction of these rollers 
against the pressure bowl causes the latter to turn, 
md to draw the blanket E along with the cloth F 
through the machine. The rollers C dip into the 
thickened colours in the troughs D, and revolve by 

■ small wheels connecting them with the mandril ends ; 
they thus acquire a coating of colour, a i>ortion of 
■which they impart to the engraved rollers. As the 
colonr is applied to the entire surface of the engraved 
tollers, the superfluous colour adhering to the plain or 
Tinengraved portions is removed before the rollers come 

• into contact with the cloth, by fixing a thin metallic 
plate, called the " cleaning doctor," with its sharpened 
edge in contact with the engraved surface, so that the 
eoloni scraped off shall fall hack into the trough. 
Each roller is provided with a cleaning doctor G, and 
also with a similar scraper H, called the " liut doctor," 

Ions object of which is to remove any loose threads 
that may have become detached from the cloth in the 
act of printing, and prevent them from entering the 
colour trough. 
The cloth, after leaving the printing machine, ia 
eairied forward with the blanket to the drying chamber, 
where they part company, the blanket returning to the 
machine, and the cloth passing onwards, in close 



proxiinHy U> « limg iwige of steam create until dw 
tobm n *re perfectly dry. 

. ti) he printed are sewed togetiier end to 
I th«ri wound upon wooden rollers, enpported 
IckctD bcliiud the printing macliine, and Hvn 
piaoM «re utiwuund and drawn througb the miichiue 
without HtojipBge. 

Tho prowHijes for the application and fixation of 
colouring umttera are so io finitely numorons, and 
diffu* eu uiuch according to the nature of the tiesoe 
and tlio eul<ji]ring matters, tliut I can only aotice a few 
of tho most iniportaut. 

Oiimmurciftl indigo ia a dark blue Buhstance, pre- 
pared by macerating the leaves of various plants in 
wutQr until fcrmontatioQ takes pltice, the yellow- 
ooloiired solution thus obtained depositing a, blue pre- 
cipitate in oontnct with the air, which, when washed 
and dri(^d, constitutes the oommercial artiole. The 
plants whioli yield the largest amount of indigo belong 
to tho genua Jnili<jufera, and are natives of tropical 
oouuti'ies. One European plant is knon*n to yield 
Indigo, viK. tho Jmtia limloria, or dyers' wood, whioh 
luu long been cultivated in this country, and is said to 
Ijavo been eiuployal by the ancient Britons to dye 
tlimr skins. Commercial indigo should contain from 
60 to GO per oonl. of n blue colouring principle called 
indi(!otiuo, or indigo blue, which is insoluble in water, 
dilute ueids, tuid alknlit-'s ; but when placed in contact 
witlt au alknliuu Bolntiun and a deoxidizing agent, it 
nadorgocs a wtuiarkablo change. Water is decom- 

ts hydrogen cotq.\iuw*'«\VU *iie in* 
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ming indigogen, or indigo white, which is a colour- 

» substance, differing from indigo blue by^contnining 
more hydrogen. Indigo white is inBoluble in water 
and acids, but easily disBolved by alkalies ; the sulntion, 
howeTer, absorbs oxygen from the air and deposits 
indigo bine. 

The process of indigo dyeing, technically called 
" dipping," consists in immersing the goods in a solu- 
tion of indigo white, and then exposing them to the 
air, in order to reproduce the indigo blue within the 
fibre by oxidation. Various deosidizing agents and 
idkaline eolutions are used in the preparation of the 

ntion of white indigo. For cotton goods, ferrous 
'finlphate, or copperas, and slaked lime are introduced 
along with the indigo, prerionsly ground with water to 
a emooth paste, into large stone oistems called "vats," 
nearly filled with water ; the miitnre is well stirred 
and then allowed to settle. The action of the lime on 
the Bolution of ferrous sulphate forms ferrous hydrate ; 
this takes up oxygen from the water anil is concerted 
into ferric hydiute, and the liberated hydrogen ueitos 
with the indigo blue, forming indigo white, which dis- 
solves in the eicees of lime, leaving a yellow solution ; 
sulphate of lime being deposited at the bottom of the 
imt. The operation of dipping is thus performed, 
the cloth will not absorb sufficieut colouring 
ittet by one immersion in the indigo vat, it is usual 
employ seyeral vats, into wliieh the pieces are 

Ipped in saccessiou ; the iirst vat contains milli of 
and the others are charged with indigo solution, 
gradually increasing strength from the first to tW 
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last. To cipo8o the clotli thoronghly to tbo solution 
and uniformly dye it, it is uEually stretcbed by book- 
ing it backwards and fonrards upon the upper and 
lover btirs of wooden frames which just fit the vata. 
Baoh frame will hold from 50 to 60 yards of cloth, and 
is lowered into or raised out of the vats by a rope 
and pulley attached to the roof of the bziilding. The 
frames arc first lowered into the lime vat, in order 
thoroughly to wet the cloth so that it will absorb the 
indigo solution with ease and regularity, and to detach 
minute air bubbles which adhere to its surface. The 
frame is then reraoTed, allowed to drain, and intro- 
duced into tlie first indigo vat. After remaining here 
for a few minutes it is withdrawn, exposed to the air, 
allowed to drain, and then passed on to the next vat, 
and BO on nntil it reaches tho last. If the colour is 
now sufficiently intense, the pieces are unhooked, and 
washed first in a cistern containing water, and then in 
another containing dilute sulphuric acid, in order to 
remove the lime and oxide of iron adhering to the 
fibre. After washing again, the pieces are squeezed 
between rollers and dried. Smaller vats are used for 
dyeing cotton yarn, and the liquor is generally heated 
by steam pipes. The skeins of cotton are placed 
round wooden poles resting upon the sides, so that the 
lower part of each skein dips into tho liquor, whilst 
the upper part is exposed to the air. Tho cotton is 
tamed round from time to time, untU it has aaamnBd 
the required depth of colour. 

Indigo is applied to wooUea fabrics also in the state , 
ot whito indigo. Tho vata for woollen dyeing a 



paxed or " set " in Tarious ways, but in all cases there 
is added to the indigo Bome organic Buhtitance, such 
as woad, madder, molosseB, bran, &c., which is prone 
to undergo fermentation when macerated in water and 
Bubjected to a slightly elevated temperature. Tike 
hydrogen evolyed during the fermentation transforms 
the indigo bine into indigo white, which is dissolved 
by the addition to tho vata of some alkali, or alkaline 
carrbonate. The woad plant formerly used as a source 
of indigo blue is now seldom used on account of its 
colouring matter, but chiefly for exciting fermentation 
in the indigo vat. 

China blue dipping is a peculiar process, in which 
indigo is printed in designs and Bubsequenily fixed 
upon the cloth. The printing colour is composed of a 
miitui'e of very finely ground indigo with ferrous sul- 
phate or acetate, and orpiment, thickened with gum. 
The process consists in drawing tho pieces by rollers 
fixed on a suitable framework forward and backward 
several times, first through a vat containing Tiiillr of 
lim p, and then iu a similar way through one contain- 
ing a solution of ferrous sulphate ; the operation being 
repeated alternately, first through one and then the 
other, until the fixation of tho indig 
The process depends ; 1st, upon the c 
indigo blue into indigo white by the ferrous hydrate 
precipitated upon tho cloth ; 2nd, the solution of the 
indigo white by the excess of lime ; 3rd, the attraction 
of the white indigo and its removal irova solution by 
the fibre; and 4th, the reconversion of the indigo 
^Lwhite into indigo blue by exposure to the oxidizing 



influence of the air. Aller removnl from tlie vata, the 
pieceB ore wasbed in water, then in <liliite Rolphnric 
acid, to remove tlie oside of iron, and fineUj treated 
witli a warm solution of soap. 

Cotton fabrics are also dyed with indigo by printing 
vliite indigo upon tbe clotb. Twodiffbrentcolonrs are 
used for tbis pnrpoee ; the first called pencil bine, in 
wbiob tbe white indigo is held in eolntion by some 
alkali ; and the second, called precipitate or fast bine, 
in Trbicli tbe white indigo is in the insoluble state In 
the first caee the white indigo is withdrawn from its 
solution by the attraction of tbe fibre, and converted 
into indigo blue by oiposure to tbe air, and rinsing in 
water : but in tbe second, the cloth, after printing, is 
passed tlirongb a solution of an alkaline carbonate, 
whereby tbe white indigo is rendered solnble, and then 
being attracted and withdrawn from solution by the 
fibre, ie afterwards oxidized as before. 

When indigo is treated with concentrated sulphuric 
acid, several compounds ore formed, wbicb, on account 
of tbeir solubility, can be directly used in dyeing. The 
indigo, however, has by this treatment undergone a 
oomplete change, and no proceaa is known by which 
the blue can be restored to its original condition. 
These derivatives of indigo have no afBnity for cotton 
fibres, but are frequently used for dyeing wool 
u)d ailk. 

The class of colouring matters called pigments 
have no appropriate solvents, and therefore canmit 
bo nmdo to enter into the fibre; but as several of 
tbesti pigments possess such extraordinary brilliancy 



and permanence, many attempts haTo been mode to 
attach tbera to cloth by mecLanical meftHB. The 
most Buccessful method consists in mixing the pig- 
ments, proviously ground to an impalpable 
powder, with white of egg or albumen, and printing 
the mixture upon the cloth. The goods are then hung 
in a suitable chamber into which steam is introduced, , 
by which the albumeu is eoaguloted and i 
soluble. The colouring matter enclosed in the coaga- 
lum is thus mechanically attached to the surface of the 
fibre. The pigments most commonly used are ultm- 
mariDB, hydrato of chromium {"vert guignet"), the 
yellow end orange chromBtes of lead ; oxide of zinc 
(" zino white "), and lampblack. The application irf 
pigments in this way has enormously increased within 
the last few years, chiefly owing to the manufactnie on 
the largo scale of egg albumen, and the introductioii 
of a cheaper, though inferior, kind of albumen, obtained 
by drying blood serum. The degree of fastness of 
pigment colours fixed by albumen is very considerable, 
and they will resist a long boiling in soap and water, 
provided that no violent friction be applied. 

All insoluble colouring matters, when rodnced to a 
fine powder, can be fixed upon woven fabrics by the 
process just described ; but many of the insoluble 
mineral colouring matters can be more completely £xed 
by causing their deposition within the fibres by che- 
mical means. lu this mode of dyeing, the colouring 
matters are the result of the chemical deeomposition of 
certain soluble metallic salts, with which the tissue has 
f been impregnated. These decompositions are brought 
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about in different waya. Thae calico is dyed buff by 
tho dopositiun within its fibres of the ineoluble forric 
hydrate. This may be effected by impregnating it 
with n solution of ferrous acetate ; but since the fibre 
itself "has not the power of eeparating the ferrons 
liydrate from its eolvont, the Eolution of ferrous aee- 
tato is allowed to dry upon the cloth, which is then 
exposed to a moist and warm atmosphere ; acetic acid 
escapes, oxygen is absorbed, and insoluble ferric hy- 
drate is left, fixed within the fibre, so that it cannot 
be removed by washing. In cases where this spou' 
taneous decomposition cannot occur, the precipita- 
tion of the insoluble colouring matter is effected in 
other ways. Thus iron buff may be produced by firat 
saturating the cloth with a solution of ferrous sulphate, 
and then passing it through milk of lime, or other 
oUcaline solution. Instead of passing the cloth through 
two solutions consecutively, it is freijuently advantO' 
geous to employ a more complicated method. Thus 
wo might apply the yellow cLiomate of lead by passing 
the cloth in succession through solutions of acetate or 
nitrate of lead and bichromate of potash ; but it is mors 
desirable, for several reusona, first to impregnate it with 
the auluble lead salt, then to precipitate tlie lead witbin 
the fibre as insoluble sulphate or carbonate by a passage 
through a solution of an alkaline sulphate or carbonate, 
and finally to convert the latter into chroraate of lead 
by passing the cloth through a solution of bichromate 
of potash. If now the cloth, dyed yellow with chro- 
matc of load, be passed through boiling milk of lime, a 
portion of the chromic acid is abstracted by the 1 
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, as soluble chromato of lime, whilst there ri 
within the fibre a basic chromate of lead of a fine 
orange colour. 

When it is desired to impart the colour to the entire 
surface of the cloth, one at loast of the EolntionB is 
often applied by tho " jiadcling machine," which con- 
sists of a trough containing the solntion, over which is 
fixed a pair of cylinders or " bowls" revolving in con- 
tact with one another. The cloth is made to pass, first 
through the solution, and then between the bowls ; thus 
preventing unnocesBary waste of tho solutions and en- 
suring their miiform application to the tissuo. Or one 
of the solutions may bo thickened with some amylaceous 
or other substance, and printed npon the cloth by a 
block, or a copper roller, the entire surface of which is 
covered with a fine pin engraving. The printed cloth is 
then passed through the other solutions necessary for 
the production of tho colour, whiuh are conveniently 
placed in cisterns provided with rollers at the top and 
bottom, over and under which the cloth is drawn oon- 
tinuously. It is evident, that by the uso of proper 
blocks or engraved tollers a pattern or design may 
be produced. 

With the exeejition of indigo, aafflower, and the ani- 
line dyes, there are scarcely any dye stnSs, the colour- 
ing matter of which can be fixed without the aid of a 
mordant. 

The essential requirements in a mordant are : 1st, 
that it must possess the property of combining, and 
forming an insoluble compound with the colouring 
matter; and 2nd, that it mu&t iteaU \)e c^'^«>^ «'i 



flxntion nithiu the fibre. Several metallic OKideB^I 
pecially alumina, ferric oxide, and stannic oside, foim 
insolnljle coloured compounds, termed " lakes," with 
the colouring principles of the organic dye stuffs ; and 
as these oiides can be precipitated, or deposited within 
the fibre in various ways, they aro used by the dyer as 
mordants. 

The precipitation and fixation of mordants forme a 
moet important process in the nperations of dyeing. 

In order to fix a mordant within the fibres of any 
tissno, it is necessary that it should be applied in a 
state of solution, as the walls of the fibre are impervions 
to solids. Hcnco the snlnble salts, from which the 
metallic oxides can bo obtained by precipitation or 
decomposition, are those employed for this purpoee. 
The terra " mordant " is both applied to the metallic 
oxides themselves, and to the solutions &om which 
they are obtained. 

Acetic acid is the usual solvent employed for the 
aluminium and iron mordants, since the acetates of 
these metals are easily decomposed by heat, with the 
escape of the volatile acetic acid, and deposition of 
the insoluble oiide. When other solvents are used, 
the oxides are precipitated within the fibre by passing 
the cloth through some solution which will canse the 
separation of the oxide. Thus fabrics impregnated 
with solutions of aluminate of potnsh, ferrous sulphate 
or chloride, or stonnate of soda, are sevei-ally passed 
through solutions of sal-ammoniac, caustic soda, or 
snlphuric acid. 

Oocasioually ttil\a,Tito.^ii ia WVgm. <if the power which 



DTEISa. 



149 



the fibre itself possesses of dccomposiiig metallic hoIu- 
tious. TLiiB cotton fibres by immerBion in alkaline 
§olutions of monoiide of leud sejioiRto from them the 
oxide, and cotton fabrics so prepared can bo dyed 
yellow or orange with bichromate of potash in the way 
already described. Again, if cotton fubrics be im- 
mersed for some time in Holntions of tho so-called 
osycWorides of aluminium or iron, and then bo placed 
in water, it is found that they retain considerable 
qnantities of ferrio or alominium hydrate a.a the case 
may be. 

Mordants may be applied to cloth, together with or 
after the colouring matter; and may also ho applied to 
the entire surface or only to certain parte of the fabric. 
But in calico printing the thickene'l mordants are 
nsually applied before the colouring matter, and the 
choice of suitable thickenings is important. The sub- 
stances generally used are fiour, starch, and natural or 
artificial gums. 

The colours which can be produced from any par- 
ticular dye stuff vary according to the nature, and their 
intensity varies according to the degree of concentra- 
tion of the mordants employed. 

From what has been already stated respecting the 
,tiou of mordants, it will be evident that this tokos 
:i the treatment called " ageing," which 
lanBists either in hanging the goods up for several 
days JD a room where the atmosphere is kept well 
Tentilatcd, warm, and moist, or by passing them 
slowly through a chamber, tho air in which is heated 
■pd nearly saturated with moisture by steam pipes and 
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jets of Btoam. The evolution of large quantities of 
acetic acid from gooda wliich have been mordanted 
with acetates, may be readily noticed. 

As the precipitation of the mordants dniiog the 
process of agoing is never complete, it is necessary 
to romove the undecomposed or superfluous mordant 
from the cloth before dyeing, as the oscess, if allowed 
to remain, would cause a waste of dye stuff. A simple 
washing in water would do this; but in the case of 
printed goods, where the mordants have only been 
applied to parts of the cloth, the superfluous mor- 
dant, as it dissolved in the water, would spread over 
the nnprinted parts of the surface, and cause the 
attraction of oolouring mutter in dyeing, and conse- 
quently an obliteration of the design or pattern; 
hence it is necessiiry to wosh the pieces from the 
excess of mordant iu some solution, whicli will prevent 
its becoming again attached to the fibre. Formerly 
cowdung mixed with hot water was used for this pur- 
pose, but of Inte years it has been almost entirely 
superseded by solutions of phosphate, silicate, or arse- 
niate of soda, though the process still retains the name 
of " ilungiug." The action of cowdung is probably 
chiefly mechanical, and due to the surface attraction 
eserted by the particJos of organic fibre which it 
contains; but when the substitutes for cowdung ore 
employed, the superfluous mordant is precipitated in 
an insoluble state directly it leaves the cloth, and ren- 
dered incapable of re-entering the fibre. 

Another object to be attained in the process of 
duDging printed goods ia the removal of the sub- 



P'jdaticGS need for thickeoing the mordants, and it ia 
I necessary that this shonld be moBt efiectively per- 
formed. 

The process of dunging is performed oontinuonBly, 
by passing the pieces sewed together end to end, 
1st, through one or two large cisterns with rollers at 
the top nnd bottom, over and under whioh the cloth 
is made to travel, extended to its full width ; and 2nd, 
through a eorica of vessels resembling " dye becks," 
through which the pieces are drawn spirally in a rope- 
Uko form. These cisterns and becks are filled with a 
very dilute solution of the danging salt, which is 
heated by steam pipes to a temperotore of from 120'^ 
to 180° Fahr. The cloth, after dunging, is drawn once 
■or twice through a washing machine, and is then ready 
bar dyeing. 

W- The actual process of dyeing consists iu exposing 
the mordanted cloth to a decoction of the dye stuff or 
a solution of the colouring matter in vessels culled 
" dye becks." The ordinary form of dye beck is an 
oblong cistern of iron or wood, over which is sup- 
ported a revolving winch or reel. Each dye beck is 
furnished with a perforated steam pipe, crossing it 
.. firom end to end at a few inches from the bottom, and 
■iJflo with a perforated diaphragm, fixed across the 
k jnst above the steam pipe, thus dividing the beok 
) generally d 



ihed, two i 



, after washing, and seven c 



rht of these lengths are placed iu a r 
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B beck, into which i 



1 the requisite quantity of 



rater ; the end pieces of each being theu tied together, 
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BO AS to encircle tLo winch, steam pipe, Bud dtaphragin, 
and the bulk of the cloth being pushed down into the 
front part of the beck, the dye stuff is introduced. The 
wincb ie then eet in gear with the driving shaft, and 
the Bt«tim turned on. The cloth is thos drawn bj th« 
roTolving winch through the dye bath, and deposited 
again at the front in a continuous manner tbruughont 
Hie period of dyeing. 

The apparatus just described is that nsnallj em- 
ployed by c«lico printers, by whom the dyeing of 
ootton goods is chiefly performed ; but for other pnr- 
poees largo copper boilers, boated by steam, or a fire 
tmdemeaUt, are often employed. 

Another method cousists in the topical application 
to the fabric of the colouring matter. For this pms 
poee the mordant is either first applied to, or fixed 
within the fibre by suitable mouas, and then As 
Dolouiing matter, mixed with some thickening snb* 
stance, is printed upon the prepared cloth ; or tiM 
merdantaud colouring matter ore buth mixed togelhtt, 
and the thickened mixture printed aii before. In eitim* 
Cftse the goods are afterwonU exposed to the actioa at 
■team, by banging them np, and enclosing them in an 
iron bos or uhauibor, intu which Eteom is admitted. 
The mordant, if not prevtonsly fixed in the fibre, booh 
booames fltml under the influence of the eteam, which 
also uffeols its combination with the colonring nutter, 
and Uie pro<luotion of an insolnble lake within tho 
Attn'. Ooluuta applied in this way are called " steam 
oiih'ur*." 

I will now Wiclly Jt«cribo the principal dye stnfis. 



1 tbe luetlioda b; wMcli their colouring inattcrB ore 

e available, 

I The colours whicb the dyer has to produce ore of 

inite variety. The Bimpls coIoutb, blue, red, and 

e obtained by imiaoreing the goods in a bath 

I the particular dye required. The intermediate or 

mpounrl coluurs are gonei-aily tho result of the 

mixture of two or more dye etuffs. 

[ The principal blue colouring matters are indigo, 

, Prussian blue, and the various aniline 

Indigo and ultramarine ore applied by the methods 

!y deBcribed. 

Prussian blue is applied to cotton, woollen, and silk 
goods, by impregnating them first with ferric oxide, 
and then immersing in a slightly acid solution of 
yellow pruBsiate of potash. Or it may be prodnoed 
tho topical application to the cloth of a thickened 
:ture containing yellow or red prussiate of potash, 
acid, and prussiate of tin, though the colour 
brighter and more intenae if the cloth bo previously 
mordanted with stannic oxide : the blue is developed 
by steaming, and then exposing the goods to the air. 
The aniline blues are chiefly used in woollen and 
dyeing, and are attractsd from their Bolutions by 
16 fibre without the aid of a mordant. 
Tho chief red colunring mtttters are safHower, cochi- 
brazil-woud, barwood, madder, and the aniline 

Safflower is a red colouring matter, obtained from 
flowers of the Cartliaimu ttncloriue by treating 
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them with water. This is first difiBolved in a weak 
nlkalioo solution, and thou precijiitnted b; an acid 
immediately before djeing ; and in this condition it 
attaches ilaoli to organic fibres without the nid of a 
mordftDt. Safflower colours are very fugitive, and in 
consequence have buon superseded by the more per- 
nument ouilinQ dyes. It is, however, egmetimes used 
for dyeing silk, to which it imparts a very delicate 

Gochineal occnrs in commerce in the form of email 
seed-like grains, which are the dried bodies of the 
females of a certain genus of insocbi called cocus. 
The best qualities are imported from Central America. 
It contains about 50 per cent, of a colouring matter 
called oarminic acid, which can be easily extracted by 
boiling water, aud is nsed for dyeing various siiades 
of pink, scarlet, and crimson, principally in woollen 
gooda, and the colours are remarkable for their bril- 
liancy, fastness, and permanence. To obtain scarlet, 
a tin mordant {nitromuriate of tin) is added to the dye 
bath, while the addition of almn alters the shade to 
crimson. Cochineal is not used for dyeing cotton 
goods, but a fine red or scarlet may bo produced 
upon calico, previously mordanted with stannic oxide, 
by printing a colour containing cochineol extract, 
chloride or acetate of tin, and oxalic acid, thickened 
with starch, and then steaming. 

Under brazil-wood may he included the woods of 
various leguminous trees, of the order Ctcsatpina, 
which are known in commerce under the names of 
lima, sapon, and peochwood. Their colouring prin- 



, called bTEizilein, is soluble in water, and a 
Mtion, prepared by boiling tbe rasped woods, is 
t for dyeiog reds on woollen and cotton goods ; 
[be formoF are moi'donted by immergion in a aolotion 
i alum and cream of tartar, tben rinsed in water, and 
1 the dye batb, wbicb is kept at a lukewarm 
The finest ebades are produced in a bath wbicb 
B previously beeu partially esbausted. Cotton gooda 
B prepared, before dyeing, by immerBion in a decoc- 
maeb, or gall nuts, or a solution of tannic 
||iud, and thou in one of aluin, or cbloride of tin. 
Epical steam colours for printing are prepared from 
3 extracts of tbeeo woods by tbe addition of alum 
i chlorate of potash, thickening with starch. The 
i obtained from these woods are very fugitive, 
d gradually fade by exposure to sanligbt. 
I Barwood, com and sandal wood contain a red co- 
> matter only slightly soluble in water, so that, 
} dyeing, the rasped wood itself is put into tbe dye 
nth, and tbe gooJs are introduced into the boiling 
Tbe some mordants are used as for brazil- 
I, but the colours produced are more permanent 
, Madder is the most important of all dye Btufia, 
idigo only excepted, and is capable of yielding 
^es of greater variety and permanence than any 
r colouring matter. It is the dried root of tbe 
a tinciorium, an herbaceous plant extensively col- 
lated in the Levant, France, Holland, and other 
It is almost exclusively used for dyeing 
^tton goods, and though generally classed among red 
louring matters, it is used for the production of 
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various other colonrs upon calico. Cotton fibres hai 
no attraction for madder without the assistance of 
donta ; but as the aluminous and iron mordants 
bine with the colourlug matter of madder, forming 
different coloured insoluble hikoa, the procees of 
madder dyeiog consists in placing the cloth, prepare^ 
vith either of these mordants or a mixture of the tvrof' 
in a dyg beck containing vcater and the ground vaaA%: 
der. The temperature is gradually raised to abont 
180^ Ffthr. by steam, and the goods are move^' 
about in the liquor, until the mordants ore saturated' 
with colour, the process generally taking from two to 
three huurs. After dyeing, the adhering madder is 
removed by passing the pieces through a ^'ashing 
machine. Even after this the colonrs appear dull, and 
the nnmordantod parts of the cloth, or those which 
are intended to remain white, are also stained, 
remedy these defects the pieces are boiled in a weak 
solution of soap, by which the colours are brighteni 
and the whites cleared, by the removal of a roddi 
brown colouriiig matter which attaches itself to 
Burfiice of the cloth during the dyeing. 

The ordinary madder reds are produced by the 
of acetate of alumina ('* red liquor "), as the mordant . 
black and purplea by acetate of iron (" iron liquor ")(! 
and chocolates by a mixture of red and iron liquor. 

Turkey red is a madder colour much valued 
account of its brilliancy, iiistness, and permanenoe.. 
It is produced upon cotton fabrics by a tediona pco*] 
oeas, of which the ftdlowing are the main points. 
1. Oiling, or eaturation of the c\ol\i >N\*ii wo. amulaioa ! 
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made by mixing gallipoli oil with a eolatioD of pearl- 
ash, and then drying the oiled cloth hy exposure to 
le air, or by passing it over a hot flue ; this operation 
[Is repeated several times. The exoeas of oil is removed 
hy EteopiDg ia a dilute solution of pearlash. 2. Osll- 
ing, which consists in passing the cloth throngh a 
deooetion of gidls and then drying, 3. Mordanting, 
or impregnation of the cloth with a solution of alum 
<pr acetate of alumina. 4. Cleansing, or washing in 
I hot water with cowdung and chalk. 5. Dyeing. 
6. Clearing or boiling the dyed goods in a weak 
Bolntion of soap. 7. Brightening of the colour by 
boiling the cloth nnder pressure with a, weak solution 
of stannous chloride. 

The colouring matters of madder have formed the 
nnibjects of investigation hy many chemists. It ap- 
pears that only two of these, viz. alizariue and par' 
purine, are concerned in the production of the ordinary 
madder colours. The former hy itself ia capable of 
yielding all the ordinary madder colours, and the 
' colonrB so obtained possess equal brilliancy, fastness, 
und permanence to those obtained from madder ; the 
'latter dyes mordanted cloth with facility, hut the reda 
are more fiery, and the purples duller than when the 
same cloth is dyed with madder or alizarine. 

It has been shown by Dr. Schunck that the mor- 
dants on cloth which has been dyed with madder, and 
a boiled in soop water, retain the alizarine, but not 
purpiirino, the action of the soap having removed 
latter ; hence it eocms tliat alizarine is the cbe 
tial colouring matter in madder dyeing. 
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Altlioiigh it is certainly contained in ordinuy m 
roota, it niipuani fruin Dr. Schanck's experimenta tl 
tho wbolo vf tliu oulimr iloes not eiist ready formed, 
but thai thci root has b, coloiu^giviDg principle which hs 
Mtllod rubion. Tliin snbstanca ho extracted, and fotud 
that it HIM d(>com|ii)scHl by aclde and alkalies with the 
jiru<luvtii>ti (if KlteiLritio. The root itself was also found 
lo uikutaiu H uitri>}!i'UiiuB giifastance called erythrozym, 
wKtch uuU like tt formont upon rnbiau, causing its de- 
iMujHwittim ; hvuoe Pr. Soliunck considers it probable 
tlM the itUturiuo which oiifltB ready formed in maddor 
IH <lu» W tbo fV>rmoututi(in of rabian. Madder aleo 
outttwiui Nvvvnl Kutntauit's wliich act isjuriouely in 
4;MUtSi vithur by iunnirting a dirty reddish-brown tinge, 
bi>ih k> lbi» uM«iiliuttnl diul uiimorclantod parts of the 
vlulb, vt by wuibtuin^ with the mordants and prevent- 
iu^l tkivtu (\\iiu tttkiu^ up tho true colouring matter. 

Ckjvt>fiil i'ni('»vati(iu« of uutildet are known in oom- 
iuan,« untltMr (ho uiuues of (lowers of madder, garan- 
vifut, «li))*rivi<i\ aiii] purpttriue, in which the removal of 
ikwH) U\)uritiiw uuli«toDot» b«a been more or less efieoted. 
'Ptuw {UR>)>ualii>ii8 MV obtaini'd by the action of water 
iW mIixui); aoids upon the niadiler, or by high-pressure 
atMHu u)Hiu iiMildi'r which has been treated with acid. 
Iduky uf th<? iujiiriuus eubstaucca solubto in water are 
thus tmshod away or decomposed, and at the same time 
the itotion of the nctd npcn the rubian still oxistiDg ia 
madder increases tlio quantity of alizarine and poT' 
ai, tlius rendering nearly all the colouring matter 
for dveing. These preparations usually yield 
Itar ooJotm and staon the \uuaoi&Ka.vA^ai\& >A 'Con 



1 muoh leeB than madder ; and thorefore, as the 
eoloors require less clearing, they are much used for 
dyeing, in combination with variona dye woods for prc- 
duciug compound and docp (;Ladea iu low-class styles 
where the masimum degree of fastness and permanence 
ia not required. 

Within the last few years several estraota of madder 
have hcen introduced, consisting of uJizBrine, or pur- 
pmine in a remarkable state of purity, and mostly need 
for topical dyeing, i. e. mixed with the necessary mor- 
dant, thickened with starch paste, or gum water, and 
applied by impression. Tho colours aro fised by 
ing, and then brightened by boiling with soap, 
lese extracta are extremely nacf ul to tho calico printer, 
o they can be used in conjunction with pigments 
I: other colouring mattcra thickened with albumen, as 
B steaming also fixes the latter by the coagulation of 
S albumen. We arc thus enabled, by one operation 
Sprinting, to apply botli madder colours and pigments, 
I produce effects which formerly lequired, 1st, the 
printing of the madder mordants, and dyeing, and 2nd, 
the introduction of ateara colours by blocks, cut bo as to 
apply them to their proper places upon the dyed cloth. 
In 18C9 two German ohemista, Messrs. Grebe and 
--Iiifibermann, announced that they had succeeded in the 
)duction of alizarine by artificial means, &om anthra- 
le, a white solid substance, one of the products of 
fi dry distillation of coal. Tliis moat im]>ortaut dis- 
irery, the first case in which an organic colouring 
^tter has been artificially prepared, has already re- 
t practical ajiplication, for large quantities of 
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artificial alizarino are now made for the nse of dyers 
Mid calicu printers. The nltiinate effect of this dis- 
covery upon the conenmption of madder ciuinot yet be 
foreseen ; bat the email cost at which the artificial 
product is now monafactnred, has bronght down the 
price of madder to a point at which the qneetion is 
raised : — How ranch longer can it be produced with 
profit to the grower ? The artificial and natural 
alisarine are nudoubtcdly identical in composition, 
and the former is now used in preference to the latter 
by calico printers for many of their madder styles : it 
is also sucoessfally applied in Turkey red dyeing, and 
in the preparation of steam colours for topical printing. 
The use of artificial alizarine in dyeing neccssitatee 
an alteration in the strength of the mordants, to pro- 
duce shades equal in intensity to those produced with 
madder ; the dyeing is also effected much more rft- 
pidty, and with less attention to the gradual rise of 
temperature, which is so important in madder dyeing, 
and the goods when renjovod from the bath require 
much less treatment with soap to brighten the colours, 
owing to the purity of the dye sins'. 

Rosimiline in the pure state is a cnloorleBS base ob- 
tained by the action of many substaucos, e. g. stannic 
chloride, arsenic acid, ftc, upon a mixture of aniline 
and toluidine. With acids it forms red-coloured salts ; 
the chloride anda cetato are the most soluble, and are 
therefore the ones generally used; they arc known under 
the names of fuchsine and roseine [respectively, or the 
salts in general under that of magenta. These salts 
are used for dyeing uilk, woollen, and cotton goods, tlilfg 



tiro former attracting tho colouring matter by simple 
immersioE in hot water, to wLich the dye is gradually 
added in sufficient quantity to produce the required 
depth of colour. Cotton fibres have no attraction for 
this colouring matter, but it may bo fixed upon calico 
which lias been mordanted with alumina ; or if a 
pattern bo required, tho fabric, whateyer be tha nature 
of the Jibre, may be printed with a Bolution of the 
colouring matter thickened with albumen and then 
steamed, tho albumen here playing the part of a mor- 
dant as woU as that of a mechanical fising agent. 

The chief yellow colouring mattere are tho .yellow 
chromato of lead, Persian berries, ijuorcitron bark,'fuatio, 
weld, picric acid,aud the aniline yellow or orange dyeB. 

Under Persian berries are included those of several 
species of Mhamnus. The yellow colouring matter of 
these berries is very soluble in water, and it is fiiod 
upon cloth prepared with an aluminous or tin mordant, 
by dyeing in a bath containing the ground berries, or a 
decoction of the same. An ostract of Persian berries 
ie also used for preparing a eteam yellow colour for 
printing, by miring it with an aluminous or tin mor- 
dant, thickening with starch, printing upon cloth 
prepared with stannic oxide, and steaming. 

Querciti'on is the bark of a species of oak, imported 
from the TTnited States. It contains a yellow colouring 
matter, which is used for dyeing woollen and cotton 
goods, tho former with a tin, the latter with an alumi- 
nous mordant. The ground bark is also used in garan- 
dne dyeing for modifying the shades imparted by the 
indue and other dye woods. 
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Fustic, commonly called old fustic, is the 
wood of n West ludian tree, called Morue ih 
and is chiefly used in woollen dyeing with an alnmini 
mordant. 

Weld is the dried leaves and stems of the Ri 
lateola, a plant which is probably a Dative of 
country, and was formerly cultivated here for the use 
of dyers. A decoction is still tised, though not so 
much as formerly, for dyeing cotton, silk, and woollen 
goods. With an aluminous mordant it yields a yellow 
colour, possessed of much brilliancy and permanence, 

Piorio or carbazotic acid is formed by the action of 
nitric acid upon many organic Gabstaaces, e. g. indigo, 
carbolic aeid, &o. It occurs in the form of pale-jellow 
crystalline plates, which are slightly solnble in water, 
but dissolve more easily in alcohol or ether. Picric 
acid possesses very great tinctorial power, bnt has no 
affinity for cotton. It dyes wool or silk a beautiful 
yellow without any mordant. 

Tho so-called black colours are produced in such a 
variety of ways that it is impossible here to notice 
more than one or two processes. Block is frequently 
produced by the successive superposition of tho colours 
derived from different dye stufts, though a few black dyes 
maybe obtained directly. The stuffe mostly used in black 
dyeing are madder, logwood, sumach, and gall nuts. 

Logwood is the wood of tho RcBmaloxylon Cawpechi- 
anttm, a native tree of Central America. Cotton goods 
may bo dyed black with it, by first mordanting them with 
ferric oside or a nusture of ferric oiide and alomina, 
and thou dyeing in a bath containing the ground 






the pennimeiioe of the black is much iucreased by the 
addition of Birmach to the bath. Black upon woollen 
goods is generally obtained by first dyeing tiiem blue 
in the indigo rat, or with aulbpate of indigo or Prus- 
sian blue, and aguin in & decoction of logwood and 
eumacb, with the addition of ferrous sulplmte. 

Aniline black, perhaps the fastest of all known 
colours, is produced by the oxidation of aniline. It is 
applied to cotton goods, generally, by printing them 
with a niixtnre containing a eoloble salt of aniline, 
usually thi^ chloride ; chlorate of potash or soda ; and 
a salt of copper, preferably the sulphide. The black is 
gradually deyeloped, after printing, hy exposure of tht 
cloth to the air, and the goods merely require to be 
passed through an alkaline solution and boiled in a 
Bolution of soap. 

The use of astringents in dyeing depends upon the 
tannic acid which they contain, hut their action is not 
clearly uniJoistood; it is found, however, that, in com- 
bination with the ordinary mordants, tannic acid aids 
the atti'action of colouring matter to the fibre, and 
adds depth and brilliancy to the colours. The astrin- 
gents most valued in dyeing are gall nuts and sumach. 

Gall nuts are excrescences produced upon the epi- 

^p^^^nisof a species of oak, the result of punctures made 

^Kj' ixtsects for the purpose of depositing their eggs. 

I Sninach is obtained by reducing to powder the dried 

leaves and twigs of various shrubs belonging to the 

genus Bkits. 

Purple or violet colours are sometimen obtained by 

J mixture of blue and red dyes. Thus woollen 
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fabrics may be dyed pnrple by first dipping them in an 
indigo vat and tbon dyeing with cochineal and on alnmi' 
none mordant. Or the goods mordanted with alnmina 
may be dyed succcssirely with logwood and coubinesl. 

The special dye stufia for tbe direct production of 
pnrple colonra are madder, garaucine, alizarine, arcbil, 
and tbe aniline purple dyes. 

Madder and alizarine produce tbe most valuable and 
permanent purple aoluurH npon cotton fabrics. An iron 
mordant ie required for this purpose, and by vnrjing 
its concentration, all shades from the paleet purple to 
one so dark as to appear black may bo obtained. Tbe 
goods are well washed after dyeing, and then boiled in 
a weak soap solution to brighten the colonrs. Garan- 
cine also yields purple shades with the same mordant, 
but they aio neither so fast nor so brilliant. 

Archil is a colouring matter derived from variODB 
species of lichens, by steeping them in alkaline soln- 
tions. It is chiefly used in silk dyeing for the pro- 
dnction of various shades of violet, no mordant being 
required. Archil colours, though very beautiful, are 
very fugitive, and on this auconnt have been super- 
seded to a great extent by the aniline dyes. 

On account of the extraordinary brilliancy and 
variety of shade of aniline purples and their strong 
affinity for animal fibres, they havo nearly superseded 
all other pnrple dyes for woollen and silk, The goods 
are dyed by simple immersion in a bath containing the 
colouring matter. AuiUne purples are also nsed in 
dyeing cotton goods, but require the aid of a mordant, 
of which several have been proposed, e. g. the goods 



may bo mordanted with red liquor, dried, rinsed iu 
water, and finally dyed in a. bath containing a lake- 
warm BolntJon of the colouring matter ; or they may 
be mordanted with bnaic acetate of lead ; or with 
stannic oxide or alumintt, then impregnated with a 
Bolutiou of tannic acid or a decoction of samach, and 
dyed as before. The aniline purples and other aniline 
dyes may also be applied, by topically mixing their 
HolutionB ivitb albumen and printing the colour upon 
the cloth in the ordinary way. The albumen forms a 
kind of mordant for the colouring matter, and, when 
coagulated by titoam, fixes it upon the fibre. Or the 
cloth, previously mordanted with stannic oxide, may be 
printed with a thickened solution of tannic acid and 

»^ed in a solution of the colouring matter. 
t Green colours are generally obtained by the mixture 
of bine and yellow dyes. Thus, according to circnm- 
BtancoB and the nature of the fibre, the goods may 
be first dyed blue in the indigo vat, or with sulphate 
of indigo, Prussian blue, or logwood, and then yellow 
by a second dyeing with fustic, bark, or Persian ber- 
ries, with an aluminous or tin mordant, or with picric 
acid. The special green dyes are arseniate of copper, 
chrome green, and aniline green. 

Arsenite of copper, or Scheele's green, is applied to 
cotton goods by printing them with a copi}er salt, fixing 
the cupric hydrate within the fibre by passing them 
through milk of lime, and then converting the cupric 
hydrate into araonite of copper by a passage through a 
^^j|olation of arseniouB acid or arsenite of soda, 
^^k Chrome greens consist of chromic h^diatc, a^^ «>'t'& 
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either formed within tho fibro by precipitation, or are 
applied aa pigments mixed with albumen. 

Anilino green maj be fixed upon cotton by preparing 
the goods with tannic acid or a decoction of BonUrCh 
along with a tin or alnminons mordant, then immersing 
in a bath containing the colouring matter. Wool and 
Bilk attract the dye without the aid of any mordant. 

Chocolate colonre npon cotton are ohtained by mor- 
danting with a mixture of alumina and ferric oxide, and 
dyeing with madder or garancino, or by printing a mix- 
ture containing extracts of logwood, bark, and eapon 
with alum or acetate of alumina, aud then steaming. 
In dyeing chocolates with garancinc, it is usual to add 
to the dye bath a certain quantity of bark, sumaoh, and 
sapan, chiefly for the sake of economy. Upon wool, 
chocolates are obtained by the use of diiferent dye 
Btuffe, o. g. fustic, peachwood, logwood, &c,, with an 
alumiuous mordant. 

Brown, like chocolate, maybe obtained by the mix- 
ture of various dye stuffs, but it is generally obtained 
on cotton goods, by means of catechu. 

Catechu is an extract from different parts of certain 
trees, chiefly natives of India, viz. the Areca catechu, 
Acacia calecliti, and Uncaria gamhir. It contains an as- 
tringent principle, or a kind of tannin, and a substance 
called catechine. It is applied by dissolving in water, 
with the addition of acetic acid, sal-ammoniao, gum 
water, and a salt of copper, this mixture being then 
printed npoa the cloth. The copper salt effects the 
oxidation of the catechine, and its conversion into 
an insoluble brown substance. The oxidation takes 



e when the printed goods are exposed to the air, 

I as the colour when properly fixed will rGsiat the 

perations of dunging and dyeing, it is frequently 

ued in conjunction with the ordinary aluminous or 

iron mordants, for dyeing with madder or garaneine. 

Buff and orange aro obtained by the mixture in vari- 

P one proportions of red and yellow dyo stufls, fixed by 

i of their proper mordants, or from annotto, or 

I by methods already described. 

Annotto is a pasty substance prepared from the seeds 

if the Bixa oreSana, a native shrub of Central America. 

a orengecolonringmttttercalled bixin. It 

y used for dyeing silk mordanted with alnm, by 

ion in a cold alkaline Boliitioa of the colouring 

tatter, until tbo desired shado is obtained. 

In the production of coloured patterns upon cloth, 

6 seldom complete without the introduc- 

rlion of white. In calico printing, those parts of the 

K.^loth to which no colouring matter, or mordant for the 

[.sttractiou of colouring matter, has been applied, regain 

Biheir original whitenees after the clearing, or treatment 

f with hot water, aoap solution, or dilute bleaching liquor, 

I -which in these cases always follows the washing of the 

E;goodfi when removed from the dye bath. But when 

a colouring matters or mordants have been applied 

T.io the entire surface of the fabric, fur the purpose of 

Lebtaining coloured grounds, white is obtained in the 

Eipattem or design upon these coloured grounds by re- 

dating the fixation of the mordants or colouring matter, 

cr by discharging the colour in places, if the fabric has 

rbeen already dyod. The chief resists are citric acid 
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or lemon juice for iron and aluminons mordants ; their 
action consists in retaining the mordants printed over 
them, in a soluble condition, until their removal from 
the cloth in the process of dunging. For indigo blue 
dipping, mixtures of pipeclay, soap, sulphate of copper, 
or zinc, thickened with gum, are used as resists ; their 
action is partly mechanical, for they prevent the en- 
trance of the indigo solution into the fibre, and partly 
chemical, for they cause the oxidation or precipitation 
of the indigo white before it can be absorbed by the 
fibre. A white object is discharged upon a coloured 
ground by the impression upon the dyed cloth of vari- 
ous chemical agents, which will effect the destruction 
of the colouiing matter. 



BLEACHING. 

Br T. Sma (Mujfield Piint W 
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Thxtilb materials, in thoir raw or uataraJ condition, 
always contain certain colonring BuLstancea. The 
term " bleocLing " is applied to those ] 
which these snbstances are removed c 
that the fibre is obtained in a state of purity. In the 
case of fabrics intended to bo dyed, the only object of 
the bleacher is to deprive them, as nearly as possible, 
of all colouring matters, and to give them that snowy 
whiteness which is so pleasing to the eye ; bnt if the 
bleaching of the gooda has to be followed by dyeing, it 
ia further necessary to remove all foreign substanoes 
introduced either accidentally or intentionally during 
their mnnufBcture, uud which, if left attached to the 
fibre, would interfere with the production of bright 
and delicate colours. 

The art of bleaching has been practised from the 
remotest ages. The oldest known method, though ei- 
oeedingly tedious and laborious, is still carried oa in 
some places for hempen and flaxen goods, and con- 
sists in spreading out the tisRUes upon a meadow, 
so that they are fully exposed to the combined action 
of sunlight, air, and moisture for several days ; after 
fWltich they are washed in a weak alkaline solution. 
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Successive exposures, followed by treatment witb weak 
alkaliues, ore required before the goods are perfectly 
bleached. The original discovery of this method of 
bleacbiug was probably tbo result of more accident; 
for exposure to the air and eunlight, for drying goods 
that had been washed, would be neceesarily followed t^ 
a more or less perfect whitening of the tissues. The 
detergent action of various subetances, of mineral, 
vegetable, or even of animal origin, seems to have been 
known to the ancients, and applied hy them to bleach- 
ing purposes. Lime, potash, soda, and ammoniacal 
liq^uors; the infusions of various plants, ospeeially 
of the Saponatia officiiialU, or eoapwort, and Aran 
mactdalnm, or cuckoo-pint, and also the husks of 
wheat, &c., have long been nsed in different countries ; 
it is therefore probable that the earliest modes of 
bleaohing depended upon the uso of sucli bodice, aided 
by the action of tlio air and sunlight. The blcacliing 
of woollen goods by sulphur vapours was also practised 
in early times by snapending the goods in a tent in 
which sulphur was burnt. In the last century, and 
before the introduction of American cotton, linen 
fabrics were generally iiHcd, and the manufacturers, 
even in this eonntry, used to send their goods to be 
bleached in Holland ; the Dutch at that time being 
celebrated for their blesiching. Their process consisted 
in steeping the goods in an alkaline ley, and pouring 
upon them a boiling solution of potash; and after 
remaining in this solution for some days, the cloth was 
washed, placed in cisterns along with butter-milk, 



ihen trodden by the feet, and afterwnrds subjeohsd 
to pressure. After several days tbe cloth was lemoved 
1 &om the cietornB and washed, first with soap, and then 
I with water. These operations were repeated several 
' times if necessary, on<l finally it was spi-ead upon the 
ground to bleach. The entire process occupied eight 
or ten weeks. Dr. Home, of Edinburgh, discoyered 
that the action of the bnttor-milk was due to its 
acidity, and proposed the use of a weak solution of 
aulphuric acid in place of it, which proved a decided 
improvement and a great saving of time. In 1774 the 
Swedish chemist Schcelc mode the important discovery 
of chlorine, which, according to the chemical views of 
tbat day, he called dephlogisticated moriatic acid. In 
1785, BerthoUet investigated this substance, and showed 
tbat it should rather be called oxygenated muriatic 
^ aoid, its elementary nature not being clearly esta- 
"bliBbcd until the year 1810, when Sir H. Davy gave 
f it the name of chlorine. It was BerthoUet, however, 
who first drew attention to the property which chlorine 
possesses of destroying colouring matters, and he sug- 
ad a mode of bleaching, in which an aijueous solu- 
tion was used as the decolonring agent. But either 
ftom prejudice or from insufficient chemical know- 
' ledge, it was some time before the use of chlorine 
me general. Tlie rapid increase in the manu- 
i bctnre of cotton goods, however, led at lost to the 
L adoption of the chlorine process at Glasgow and Man- 
¥ «faester, under the direction of Mr. James Watt and 
I Dr. Heniy, Owing to the nosions character of chlorine 
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gOB, and tlie rather too energetic action which it had 
upon tha fabricB, Borthojlet proponed the nse of a 
HOliition of chlorine in potash instead of in va,ter. In 
1798, Mr. Charles Tcnnant, of Glasgow, took oat a 
patent for making a solution of the so-called chloride 
of lime ; and \>j afterwards impregnating qnicklime 
with chlurine, ho obtained the solid snbstance still 
known and most eitensivelf used under the name of 
bleaching powder. 

The best qualities of cotton consist of nearly pure 
cellulose, and are therefore nearly devoid of colour ; 
but the inferior qualities are always more or less 
coloured with resinous and other matters derived from 
the plant. Cotton is bleached sometimes in the state 
of yam, but more generally after it has been woven 
into cloth. 

Grey or unbleached calico contains the following 
impurities : 

1. Accidentnl!]' introduced during the gathering, packing, &e., 

such cs OHithj mattsra, dust, animal exudaliona, SEed 

TEHBelB, &e. 

2. Certain reeinouB substanoea and colouring toflttora, which 

always accfflnpany the fibre in its ntttural utate. 

3. Fatly matters and metRllic particles introciaced during the 

procetBes of epintiiug and weaving; aleo variooa metallio 
Boapa rormed by the combination of these sabstancos. 
4: Weavers' paste, incluiiing flour, starch, sixe ; oakareooa 
and aluminons substances, intentionitUj added doriug the 
ruanufacturing operations. 

Owing to the different nature of these impurities, it 
is impossible to remove them all by one single opera- 
tion, and consequently the process of bleaching couaistB 



tf a aeriea of operatioiiB, which will be doscribed ii 
llowing order : 

1. Singeing. 

2. Steeping and Washing. 

3. Bowkiug with Lime, end Washing. 

4. Souring and Washing. 

5. Bowking with SoJb Ash, and Waahing. 

6. Chloi'inutiDg, commocilj called Chomicking. 

7. Souring, WasliiDg, and Dcjing, 



1 bumiog off the loose fibres or 

For thie piirpose a. cousiderablo mimbeT of pieces 

a aewed together, eud to end, and rapidly drawn over 

k led-hot BomiciTcnlar copper plate placed horizontally 

r the flue of a fireplace. By another method, the 

r the flame &om a Berics of gas- 

, placed in a row upon the upper surface of a 

lizoutal pipe connected with the gas mains. A 

1 apparatus consiBts of a coke furnace, the flame 

ptf which is forced, by means of a fan, ffom a long 

row slit at the top. The cloth is drawn by power 

■ this flanio, then over a red-hot plate, and 

lally tbrongh a eteam-box, whero any sparks are at 

mce eitingniehed. 

bleach-works it is the custom 
3 allow the goods to steep for some Lours in water, 
d then to wash them, in order to soften or partially 
e the pasty materials, and go to put the cloth in 
K condition to absorb the bleacbing solutions with ease 
imd rapidity. It has been proposed to effect this more 
MOUghly by steeping the cloth in water at a tempera- 
if about 140"^ Fahr., to which a certain quantity of 
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malt bas been added. The diastase in the malt acts 
upon the starcliy inotterB, converting them into dextrine 
or sugar, which, being aolublo, is removed by the 
washing. Thia latter method is seldom resorted to; 
and to save time, the steeping procese is often omitted 
entirely, the goods being merely washed before t 
are subjected to the next operation. 

All the modem improvements in the various operii^ 
tions of bleaching have for their ultimate object the 
economy of time and mannal labour, and, as a natural 
consequence, increased production at Ilsb cost. The 
chief mode by which these requirements are gained ^.i 
by rendering the successive processes as continaoc 
as possible, machine power being applied whererg 
available. Formerly the pieces wore operated np<m 
detached from one another, but now they are drawn 
by rollers and winches from one operation to another 
in on unbroken chain, their course being guided by 
passing the chain through earthenware loops, called 
" pot eyes.' The introduction of sewing maohines, by 
which the ends of the pieces are fustened together 
lent considerable aid to the carrying out of this o 
tinuoufi process. 

This plan has caused the disuse to a very lu 
extent of the older methods of washing. The ( 
wheel is still occasionally used, and is an excelh 
maebine, though slow and costly. It oonsists of i 
hollow cylindrical box of wood, 5 or G feet in diamet 
and about 2 feet in depth, divided into four c 
monts, each of which has a circular opening at t 
front of the wheel. One or two pieces of the cloth a 
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rodnced into each eompajtmunt through the open- 

i, and the wheel is set reTolving QpoB its oxie; at 

3 time water is admitted through an opening 

I the back. The coneussione which the cloth receives 

I every revolution of the wheel ao Dgitate it with the 

, that the washing is very effectively performed. 

J dirty water escapes through a series of holes 

e circumference of the back of the wheoL 

I Various machines have been eonstructed, by which 

e washing can be performed, in much less time than 

e dash-wheel, and without the neeessity of detaeh- 

he pieces iiam one another. The annexed fignree, 

n drawings supplied hy Messrs. Furnevall and Co., 

■ Haslingden, represent the form of washing machine 

mmoaly need in bleach-works. It consists of two 

^g squeezing or drawing roUers A B, supported in 

^taot with each other by a suitable framework over 

e cistern containing the water. The pieces, sewed 

ioA to end, enter this machine at both sides 

rough earthenware loops D E, which guide them in 

I rope-like form between the two sq^ueezing rollers ; 

f then fall down on the other aide into the liquor 

|i the cistern or trough below; and after passing under 

r roller F, submerged in the liquor, are eon- 

icted again between the pressure rollers, and thus 

I onwards, ascending and descending in a spiral 

1, until they reach the centre of the machine, where 

fihey leave it, after receiving a final squeeze between 

s two pressure rollers. The gearing, by which the 

■ataohine is driven, is attached to the axle of the lower 

Fiofthe two squeezing rollers; the upper roller moves by 
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■ friction ag&iuBt the other, the pteeetire being regnlftted 
b; screws with levers and weights attached to the 




Fig. 1.— Side and Front EkvatioDs of Washing Mflchine. 

bearings. The pieces in their course through the 
nmchine pass between the projecting pegs of & rail G, 



■ BLEACHrNG. 

whiclt ie fixed to the framework at either eide, and me 
thus prevented from becoming entangled. 

3, Booking or Bucking toith lime canBiets in boiling 
the goods with milk of lime in large cylindrical vessels 
called "kiers." The object of the bleacher being to 
expose the cloth for some hours at a temperatnre of at 
least 212' Fabr. to the action of a weak alkaline Boln- 
tion, it woB aoceBsary to have a vessel constmcted in 
such a manner that during the operatioi 
should be thoroughly impregnated with the solution. 
Various forms of apparatus have been constructed for 
this purpose. The oldest kier consieted of a, vessel or 
receptacle, placed above a boiler contrtining the alkaline 
ley heated to ebullition by meana of a fire. The in- 
conveniences ariBing from the great heat required to 
force the liquor through the cloth led to the use of a 
pump, by which the liquor was raised and poured again 
upon the goods. The first considerable improvement 
in this kier seems to have been mode by Mr, Widmer, 
who dispensed with the pump, and caused the ley 
to rise by means of the pressure of its own vapour. His 
kier consisted, in the first place, of an iron pan A 
(Fig. 2), set in brickwork, and heated in the ordinary 
way by a fire underneath. Immediately above, aud 
resting on the brickwork, was a largo cylindi'ical vessel 
B, mode either of iron or wood, and having a perforated 
bottom C, which thus divided the kier into an upper and 
lower compartment. The former was the receptacle for 
the goods, and the latter for the ley. The perforated 
division between the t^o parts served as a support for 
the cloth, and kept it from direct contact with the 



I 



178 BBITISU HANUFACTURISG I.VDU8T1 

beated portioiiB of tho pan. A vortical iron pipe D 
was fixed in the centre of the perforated bottom of tlw 
upper cjlinder; tho npper portion of this pipe i 
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nearly to the top of tho kier, and the lower part dip] 
into the liqnor contained in the pan. The kier waa 
charged by placing the goods in regular layers round 
the vertical pipe. The circulation of the boiling ley 
through tho goods was effected by means of the vertical 
pipe. It commenced when tho liquor in the pan l)egan 
to boil, for the vapour from the boiling ley being 
unable to paes through the layers of cloth, eoou ac- 
qnired sufficient tension to force a portion of the liqnor 
up the pipe. A concave cap or cover E, placed at a 
little above the nppor month of the pipe, reflected the 
boiling ley, as it rose from the pipe, upon the goods. 
It then percolated through the folds of cloth, and 
descended through the perforations in the false bott 
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into the pan below, where it was again heated and 
forced upwards, as before. Attached to the bottom of 
the pan was au iron pipe G, with a Btop-cock, by mean§ 
of which the liquor could be drawn off at the end of 
the operation. 

An improved form of kier is much used at the 
preeent time. It oonsista of one single steam-tight 




veBsel (A, Fig. 3), of a cylindrical shape, generally of 
cast iron, and heated by low-prefisnre steam instead 
of by fire. The goods rest npon a false bottom or 
grating B, and a vertical pipe C, with a cap or 
spreader D at its upper opening, canses the circula- 
tion of the liquid and its distribution over the cloth. 
An iron pipe E, communicating with the kier below 



J 
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the falee bottom, lias two broaches, each of whicli is 
provided with a TalTe, the one, G, eupplying Btenm, 
and the other, H, water to the Her. The aame pipe 
E BerrcB also for letting off the liquor in the kier, the 
valve K for this purpose at the bottom of the kier 
being opened or shut by means of the wheel and con- 
necting rod I. The mouth of the kier is flanged, and 
upon the flange rests the cover M, which can bo bolted 
down BO as ta form a Eteam-tigbt joint. 

The number of pieces which can be operated upon at 
once in one of these kiera is from 600 to 1500 accord- 
ing to the weight of the cloth, which should be about 
3600 lb. for each kier. The process occupies from 
ten to fifCeeu hours. Lime is generally uiied in the 
first bowking, about 2 cwt, being required for the 
above weight of cloth. It is previously slakod with 
water, and then introduced in the form of milk of 
lime, which is poured upon the goods as they enter 
the kier, water being also added in sufficiout quantity 
to cover the cloth. The pieces of cloth are drawn 
straight ffom the washing machine in one length 
through pot eyes, and, passing over a winch, fall into 
the kier, and are laid in regular folds by an attendant 

Another system of bowking, called the high pressure, 
requires the use of kiers which can be boated by high- 
pressure steam. In Mr. Barlow's method, a pair of 
aimilar kiors are placed side by side, and are worked 
together. They consist of two large cylinders of eqvsl 
size (A B, Fig. i), made of strong boiler-plate iron, 
and are connected by two different pipes, the one, C, 
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joining the top of the first kier with the bottom of the 
second, and the other, D, joining the top of the aecond 
with the hottom of the first. Each pipe is famished 




Fig. 4,— Barlow's High-presBU. 



K TftlTe or two-way tap E F, by which the com- 
nication between the kiers can be opened or dosed, 
and which also connecta the kiers with the main steam- 
pipe G, The pieces of cloth aewed together in one 
length arc first pasBed through milk of lime, and then 
intioduced into one of the kiers through its man-hole 
H, and placed in regular layeta ti^oti a. ^^^ *A. "■vi'sq. 



16S BMITtSa MASVFAOTUSma TNDUSTEIBB. 

I, 6»d kt ttw bottom of tbe kier : this pUte i 
fiintlsd with holoa runiid its outer edge far the p 
of tha tii|nur. A vertical pipe J, c«lled " the dia- 
tributor," is *1bu ^oJ within the kier ; the upper poi- 
tiott of thie ptpo is peirfor«ted with noinerons holes, 
Mtd ia iHmwr*r* *itb tbe "inlet" of the tier; the 
lowtr portaon faM> no perfontMtw, And is oompletelj 
iHwnil Tba amBganent ib tbo nme in both kiers, 
ud bolfa W* chMgrf Tilfa cloth at tbe same time. 
WkM tb«7 an fillnt, a ring or grid is placed otci the 
tap «f tW good* h) kMp Iben in tbor place ; the man- 
Ms Mw l^ca tloaaJ, tuk bigk-pnsnra steam ia 
wtlMWwl tbnMgb lb» l^a B a^ F, so that tba alean 
poamg tikrawgh Ika pwfata ii aM of the distrilwtar 



Un* valar, «Uch la 4n«m off by Oe ab^-ooeb E 
MiU aaaobMi to ^ yipaa C a^ Dl 



>>>H» l—Xily rf»a*w ia wtoadnai wte dm rf te 
Unm Umii^ » |i^ X. aft tfaa kif. W t ^ f i nii Ma 



1k» Cwfei «• Itw UMmk ar Aa ki^ Mi ^ tha e 

VMi4 «im««il ** Mfe «f &• «Ub. VWa^^ 
tkM» W«h ft««a4 *a« aaa kMT iito ^ aAK, dAA ■ 
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\ flecond, the liquor being then forced through the goods 
L in this kier, and up the connecting pipe op D, back 
I again into the first. This alternate forcing of the 
L liquor from one kier into the other is continued for 
L about eight hours, after which the pieces are withdrawn 
■ by passing thorn over a winch and through pot eyea, 
Iwhich conduct them to the washing machine. 
L This mode of bleaching by high-pressure steam pos- 
gessea several advantages over low pressure : 1st, eco- 
nomy of time, resulting from the more energetic and 
rapid action of the oJialiue solutions at the elevated 
temperature at which the operations are performed; 
Qnd, the more complete impregnation of the goods with 
the liquor. But, on the other hand, it has its disadvan- 
tages. For one thing, the use of high-pressure steam is 
not nuattonded with danger to the workmen employed 
about the kiors ; several fatal accidents from their burst- 
ing have been recorded, though it is fair to add that 
I these have generally occurred through some defect in 
L eouatinction ; 2nd, the apparatus requires constant 
\ Attention, and to ensure success, the management of the 
B ahonld only be entrusted to competent workmen. 
4. Souring and Waehlng consist in passing the 
L goods through a weak solution of hydrochloric acid, 
[ and then through water. The object of this process is 
to decompose the insoluble lime soap formed daring the 
[ preceding operation, and to remove the lime ; also tu 
I dissolve out any metallic oxides that may he attached 
1 io the fibre. The process is conducted in the washing 
Ljoaohine already described, tho cistern being filled, and 
uipplied with the acid liquor instead of water. Aftiit 



I 
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Houi-ing, the goods aie aliased to lie for a few hours, h 
onler tljat the acid may bavo time to act, and then K 
washing they are pnesed on to the next prooeM. 

5. Soicking with Soda Ask. — This operation i 
formed in kiers, as alroadj described. The eoi 
along with a certain quantity of roain aoap is placed at 
the bottom of the kier, where it ie bood diesolved by 
the water; or the sohition is prepared in a separate 
ciatern and run into the kier through a pipe. 
1^ cwt. of soda ash and 80 lb. of roein soap are iQafl 
quired fur 3500 lb. of cloth. By boiling with soda ai 
the fatty acids which the cloth has hitherto retained n 
converted into soluble soda soaps, and are easily t 
moved hy the washing which the cloth receives, afteej 
it is withdrawn from the kiers. 

G. ChhriTialing, or Ctiemicking. — The cloth having 
passed through the operations already described has 
been deprived of nearly all its impurities, but is still 
wantiug in perfect whiteness. To destroy tbe last 
traces of colouring matter, the pieces are passed through 
a very dilute solution of bleaching powder, at speo. . 
grav. 1'0025 or ^° Twaddle, till thoroughly impr^r 4 
nated with the liquor, and then through squeezinf^ 
rollers, to remove the excess of the solution; 
which they arc allowed to He for some hours. 

The action of the liquor is due to the decempositios.l 
of the chemical compounds which it containe. 
ing powder may be considered as a miiture of hy] 
chlorite and chloride of calcium. The former s 
easily decomposed by the action of weak acids, ' 
the evolution of hypochlorons acid, which itself fa 
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aaohing properties. This deconipoHitioii is partly 
Y the caihoiiic acid in the air ; but the action 
is rendered more rapid and complete by passing the 
goods, whilst atill retaining the bleaching Uqnor, 
throngh a dilute acid solution. In this operation 
the liberated bypochlorous acid is itself decomposed 
and ohloriue set free. 

7. Souring. • — This second passage of the goods 
through weak acid is performed as heforo. Sulphuric 
aoid of a spec. grav. of 1'075 or li° Twaddle is gone- 
rally used. 

The final operations, to which the cloth is now sub- 
jected, are washing and drying, the last being performed 
by passing the pieces, opened, out to their full extent, 
over and under a series of hollow tinned iion or copper 
cylinders, which are heated by steam ; the greater por- 
tion of tho water is, however, previously removed by 
passing the cloth between a pair of squeezing rollers. 

Cotton is also bleached in the state of yarn. The 
skeins are first boiled in water, and then in a weak soda 
ley ; and after washing, they are immersed in a solu- 
tion of bleaching powder, then in weak acid, and finally 
washed again and dried. 

Theory of Bleaching. — The art of bleaching consists 
in subjecting the fibrous material to various operations 
in BuccesBion ; of these, the washing, bowking with 
lime and soda, and the intermediate souring, are, strictly 
speaking, detergent or cleansing processes ; and, essen- 
tial as they are to effect tho removal from the cloth of 
the resinous, fatty, and mineral impurities which ate 
attached to the fibre, still they must be cooiidwEei ^& 
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merely i>reparatory or prelinuoary operationB to the 
actual bleaching, which iii former times was perfonned 
by exposure to the air, eunlight, and moiBture, bat is 
now effected by the agency of chlorine. 

It is well knoi™ that oxygon has tha power of de- 
stroying organic colouring mattere, especially in its 
nascent state, or when it exiBts in the peculiar allotropio 
conditiou called ozone. Ozone is frequently present 
in the atmosphere, and tlierefore the bleaching of 
fabrics by exposure to the air nmy be due to its in- 
flnouce. Chlorine acte indirectly as an oxidizing agent ; 
hence it is generally admitted that the phenomena of 
bleaching are the effects of oxidation. Chlorine poa- 
eesses a marked affinity for hydrogen ; and huB also the 
power of replacing hydrogen by substitution, lu the 
presence of water, (and this ia always the casein bleach- 
ing opetationa, which alone I am now describing), the 
decolorization may be explained by supposing that 
the chlorine abstracts tho hydrogen from the water, 
and sets free the oxygen, which unites with the colonr- 
iug substance, producing a colourless compound. 

The fibre of flax and hemp rcqiiires a preparation 
before it can be submitted to the proceae of manufac- 
ture, which is quite unnecessary in tho case of cotton. 
This preparation is called retting, and it conaista in 
macerating the stems of the plant in water, in order to 
destroy by fermentation the mucilaginous substanoBS 
which hold together the fibrous portions of the balk, 
and to separate tho fibres from tho woody matter. 
Daring this fermentation a colouring substance is 
/armed irliich. attaches itself to the fibres. It is inao- 
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^^■ble ui boiling water, acida, and alkalies, but becomes ^^H 

^Wolnble in alkalies after espoBni'e to tbe air, sunligbt, ^^H 

and moisture, or to tbe influence of cblorine. The ^^H 

bleaching of linen cloth is therefore effected by a seriee ^^| 

of alternate exposures to the air, by spreading the cloth ^^H 

upon the grass, or ta the action of chlorine and alkaline ^^H 

solutions. The amount of colouring matter ia linen is ^^| 

much greater than in cotton, conseciuently the former ^^| 

loses much more weight in bleaohing than the latter. ^^H 

The loss in cotton goods ia about 5 per cent., but in ^^H 

Hnea it amounts to as much as 33 per cent. Tho ^^H 

bleaching of linen goods is still a very tedious process. ^^H 

The method much resembles that employed for cotton ^^H 

&brics, but the various operations require to be re- ^^H 

peated more frequently. ^^H 

Woollen fibre, in its natural condition, ia covered ^^H 

with a soapy coat or film, called the yolk. This sub- ^^H 

stance consists chiefly of fatty matters combined with ^^H 

potash ; it is, for the most part, solahle in water, and ^^H 

hence the first operation consists in washing the wool ^^H 

with water. The well-known procoEs of aheep washing, ^^H 

which precedes tho shearing, removes not only the ^^H 

dirt which adheres to tbe wool whilst on the animal, ^^H 

but also a great port of the yolk. The wool, after ^^H 

shearing, still contains a considerable quantity of ^^H 

fatty substances ; these are tendered soluble by steep- ^^H 

ing and gently agitating it for some minutes in a warm ^^^ 
and slightly alkaline bath composed of soap and water, 
or a solution of carbonate of soda, or more frequently 

Enf stale urine diluted with four or five times its volume ^^J 

warm water. Woollen fibres have a peculiar property ^^| 
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of ftiUiormg togetlier, called felting, vhen tiiej ue 
Tiolentlf agitated ; it is neceesarj, therefore, to sToid 
this doriog scooriiig. The temperature most kIso be 
attended to, for wooUen goods are liable to contiBC- 
tion, and also to a partial destractiou of their fibre 
vhen too much heat ie allowed in these operations. 

Thongh wool is bleached in the fleece, it is more 
often in the state of yam or cloth ; bat the Bconring 
process is similar in all cases. 

The actual bleaching is effected by Bnlphorone add 
after the scouring is complete. The goods nmy be 
either steeped in, or passed through on oqaeoax aola- 
tion of the gas, or they may be hung ap in chambers 
in which sulphur is burnt, or they may be drawn 
through a chamber, furnished with rollers at the top 
and bottom to carry the cloth, into which sulphnroiu 
aoid &om burning sulphur is passed. 

This acid was known as a decolorizing agent Igng 
before the discovery of chlorine, and it is atill used in 
bleaching animal fibres, as chlorine and hypochloronB 
aoid exert an injurious action u]ion them. It poeseBWB 
powerful deoxidizing or reducing properties, readily 
absorbs oxygon, and is converted into sulphnrio add. 
Its action in bleaching may therefore be due to the d»- 
oxidation of the colouring matters, though in some 
cases it appears that sulphurous acid unites directly 
with the colouring matter and produces colourlsBS 
compounds, for the original colour is often restored cm 
the addition of a stronger acid to expel the sol- 
phurouB acid, or by neutralizing the latter by an 
aJkali. 
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^B Bilk in its original etate is a peculiar secretion from 
Hme Bilkworm. It iesuea in the form of extremely fine 
tbreodG, ivHcb liarden by expoBure to tlie air. In its 
raw Btate it resembles wool, insomnch that the fibres 
are coated with a kind of varnish, hut thig coating is 
of a viaxj rather than of a fatty nature, and contains 
gelatinoiis, albuminous, fatty, and resinous suhstances, 
as well as colouring matter, all of which arc remorable 
by heating the silk nearly to ebullition in a strong 
solution of soap, and then washing. The Inst traces of 
colouring matter are removed, by exposing the fiUk to 
the action of sulphurous acid in the sulphuring 
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